The OuietOne... 



Time was when hand-held microphones could mean a handful of problems. 
Now, the Shure SM61 professional omnidirectional dynamic microphone 
combines sleek good looks with extraordinary reduction in cable and han- 
dling noises. The SiVI61 is built around a shock mount that effectively reduces 
cable, fiandling and mectianical noises to insignificant levels. A super- 
efficient "Blast Barrier" cuts wind and breath noise to a negligible minimum. 
Smooth, wide-range response produces an extremely natural, coloration- 
free sound that does great things for speech, vocal music and instrumental 
pickup. The SM61 is beautiful to look at, a delight to work, a pleasure to 
hear. Write for a complete data sheet to: 

Shure Brothers Inc. ^^^^^^^^^^^^^^^ 
222 Hartrey Ave., Evanston, IH. 60204 Efl gS^f^^"^ ^^ 



In Canada: A. C. Simmonds & Sons Ltd. 
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COMING 

NEXT 

MONTH 



• Robert E. Berglas appears in our 
pages for the first time with a descrip- 
tion of a most interesting and useful 
product — to wit: An fet Audio 
Mixer with led Gain Level Dis- 
play. This article will set you think- 
ing on many aspects of your mixing 
chores. 

Back in the September issue we 
promised an article on Caribou Ranch, 
that ultra successful studio seemingly 
buried in the wilds of the Colorado 
mountains. Associate editor John Wo- 
ram did the original visit and has 
written the article with photographs 
he took and some more new ones 
taken by editor Larry Zide. You'll find 
out why a group such as Chicago has 
sought them out. 

And there will be our usual con- 
tributors: Norman H. Crowhurst, Mar- 
tin Dickstein, and John Woram. Com- 
ing in db, The Sound Engineering 
Magazine. 



ABOUT 
THE COVER 



• This is an issue on transformers, 
and once again we have given Bob 
Laurie our art director a free hand. 
Transformer-related articles begin on 
page 26, 
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John M. Woram 

THE SYNC TRACK 



• In the July issue, I rambled on 
about recording sessions that become 
exercises in technology, rather than mu- 
sical experiences. I sometimes wonder 
what will happen when I stray into the 
music-versus-technology routine, since, 
as a "technologist" (whatever that is) 
I suppose I should be campaigning for 
more tracks, bigger consoles, and auto- 
mated coffee breaks. Anyway, I'm glad 
to say that the mail reaction was quite 
favorable. Apparently there are a lot of 
studio engineers who have had similar 
misgivings. 

To quote one letter; "It seems con- 
ductors and players have lost confi- 
dence in their ability to judge balances 
in a studio — perhaps because the mu- 
sicians have so often been directed to 
play in un-naturally isolated groupings 
and/or with headsets on." 

Ah, yes; the earphone syndrome! 
They're usually handed out as a matter 
of routine, with little or no thought of 
whether they're really needed. Lately, 
there are one-ear phones, to allow the 
musician to hear the live studio sound 
with at least one free ear. But what 
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Sales Managers 
and 

Field Engineers 

Rupert Neve Incorporated, world 
renowned manufacturers of pro- 
fessional audio equipment to the 
Broadcasting, Television and 
Music Recording Industries is 
expanding its operations and 
has vacancies for Sales Man- 
agers and Field Engineers with 
proven ability to be located at 
strategic locations within the 
United States. 

All applications, which will be 
acknowledged and held in strict 
confidence, should be sent to 
David Neve, General Manager, 
Rupert Neve Incorporated, Berk- 
shire Industrial Park, Bethel, 
Connecticut 06801. 
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THEYPUTITALLTOGEMR. 

AGAIN. 



VMS 70 DISK MASTERING 
LATHE 

SX 74 STEREO CUTTER- 
HEAD 

Computer controlled 
pitch/depth was intro- 
duced by Neumann in 
1966. VMS 70 is the lat- 
est version. SX 74 ex- 
pands both frequency 
and temperature toler- 
ance range of the SX 68 
to meet today's needs 
for quality and level. 



SAL 7A CUTTER DRIVE 
LOGIC 

The most sophisticated 
electronics package 
ever devised for stereo 
cutting. 600 W per chan- 
nel of drive; 150 W per 
channel of monitor; 
Tracing Simulator and 
Acceleration Limiting 
all standard. 




And this time, even better. 

You probably remember when Neumann 
introduced their first tape-to-disk mastering 
channel. 

It was the only channel in the world built en- 
tirely by one manufacturer. It still is. 

Only now, Neumann has introduced an im- 
proved cutterhead— the SX 74. As well as a new 
cutter drive logic— the SAL 74. And the results are 
even more satisfying. There's just no comparable 
equipment. 

Take Sterling Sound, Inc., for instance. They 
were the first company to own the original chan- 
nel. They're the first this time, too. 

Other users of all-Neumann tape-to-disk 
transfer channels include: Allen Zentz Mastering, 



SP272 PROGRAM 
CONTROL CONSOLE 

A complete console to 
handle the complex in- 
terface between tape 
and disk. Equalization, 
Filtering, Dolby, Limiter/ 
Compressor/Expander, 
peak indicators, vu me- 
ters, correlation meter- 
ing and much more. 



MT 72 PREVIEW TAPE 
PLAYBACK SYSTEM 

A complete 4-channel 
preview/ modulation 
playback system with 
AEG/Telefunken Mag- 
netophon tape deck, 
NAB/CCIR switchable, 
continuously variable 
preview distance, 7Vz/ 
15 or 15/30 ips. 




Los Angeles; Disques S.N.B. Mastering, Montreal; 
Fantasy-Galaxy Records, Berkeley; Kendun Re- 
corders, Los Angeles; The Lacquer Channel, Sau- 
salito, CA; The Master Cutting Room, New York 
City; Motown Records of CA, Los Angeles; Stax 
Records, Memphis; Telegeneral Studios, New 
York City; and Wakefield Manufacturing, Phoenix. 

And the list grows daily of distinguished com- 
panies watting for the new system. We'd like to be 
sure your name is on the list, too. So, won't you 
write today for our color brochure? 



AUDIO CORPORATION 



Headquarters: 741 Wastiington Street. New York, NY 10014 

(212) 741-7411 

West Coast Sales Office: 1710 N. LaBrea Ave., Hollywood. CA90046 

(213) 874-4444 
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Stanton - unseen 
in this picture - 
but crucial to it i 

When you demand the strictest require- 
mentsfor recording and playbacit, Stanton's 
Series 681 cartridges are the calibration 
standard. And there is a 681 model engi- 
neered specifically for each of these cri- 
tical applications. 

The Stanton 681 A - for 
cutting head calibration 

With Stanton's Model 681A, cutting 
heads can be accurately calibrated with 
the cartridge, for it has been primarily de- 
signed as a calibration standard in record- 
ing system checkouts for linearity and 
equalization. Frequency response is fac- 
tory calibrated to the most rigid tolerances 
and the flattest possible response is as- 
sured for precise alignment of recording 
channels. Implicit in this kind of stability 
and constancy is a reliability factor un- 
matched by any other cartridge. 

The Stanton 68166 - 
for critical listening 

In critical playback auditioning Stanton 
provides the evaluation standard in its 
model 681 EE. In this application, the Stan- 
ton 681 EE offers the highest obtainable 
audio quality. It is designed for low distor- 
tion tracking with minimum stylus force, 
regardless of the recorded velocity or the 
distance of the groove from the disc cen- 
ter. High compliance, low mass and low 
pressure assure perfect safety even on 
irreplaceable records. 

All Stanton Calibration Standard car- 
tridges come packed with calibration test 
results for that individual cartridge. 

For complete information and specifica- 
tions write Stanton Magnetics, Inc., Termi- 
nal Drive, Plainview, L. I., New York. 




sraNTon 



All Stanton cartridges are designed 
tor use with all two and four-channel 
matrix derived compatible systems. 
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about a no-ear phone? In other words, 
leave the things on the shelf! (It should 
be understood that I don't recommend 
trying this on a sweetening or overdub 
session.) 

I was on a session some time ago 
that just wasn't going very well. The 
musicians were having a lot of trouble 
with the earphone balance. First there 
was too much keyboard, then not 
enough. Next it was the drums, later 
the bass was distorting, and on, and on. 
After a while, I was doing two sessions; 
one for the cue feed, another for the 
tape. Since I'm not very good at this, 
I eventually turned the cue feed off, 
explaining that it had burned out. I 
would send for another one, but in the 
meantime, may we try it without ear- 
phones? 

Well, at first the electric guitar player 
complained he could not hear the 
acoustic. So, the acoustic was moved 
in a little closer, and the electric amp 
turned down a bit. 

Now wasn't that a technological 
break-through! Each musician could 
hear the others, and balance himself 
accordingly. Needless to say, the ses- 
sion got a lot better very quickly. The 
musicians were able to function as mu- 
sicians, and not as highly trained re- 
cording machines, firmly wired into 



HOW GOOD SHOULD A 
REINFORCEMENT SYSTEM 
SOUND? SO GOOD YOU 
DON'T HEAR IT! 




Listen to the remarkable 



Portable Loudspeaker System 
and all you'll hear is the 
performance, without artificial 
coloration. After all, isn't 
the performance really what 
the audience comes to hear? 



Bose 800, The Unobtrusive One 



I 



Please send complete information to; 



Name. 



.State. 



-Zip. 



I 

:i 

. The Mountain | 
I Framingham, Mass. 01701 I 
1^ Dept. BD J 
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I Address^ 
City 

I Return to Bose Corp. 



place via the miracle of the headset. 

Oversimplified? Perhaps, but the 
point is that good musicians play a lot 
better as artists than as technicians. 
Which — sort of — brings us around to 
a recent meeting of NARAS, the Nat- 
ional Academy of Recording Arts and 
Sciences. The title of the meeting was. 
Honest Music vs. Technology. 

The panelists, and audience, ex- 
changed opinions on the proper role of 
technology. A few said that technology 
had gone too far, and they were dis- 
tressed at the amount of tampering that 
goes into at least some modern record- 
ings. Maybe its my paranoia surfacing 
again, but there seemed to be some 
present who thought that technology — 
all technology — was evil. Of course, 
what they really meant (I hope!) was 
that some of the modern "advances" 
were quite unnecessary, and that sci- 
ence must not intrude upon art. 

I think that's about what I said in 
the July column, so perhaps we all 
agree. Or at least we do at meetings 
such as this. But what about at the next 
recording session, when the acoustic 
guitar is being drowned out by the 
brass? There are at least half a dozen 
ways to overcome the problem. 

• Overdub the guitar, later. 

• Shove the guitar into an isolation 
booth. 

• Overdub the brass, later. 

• Find out who wrote the chart, and 
fire him. 

• Blame the engineer. 

• Ask the musicians to make the 
necessary adjustments. 

Chances are, the last listed item will 
not even occur to anyone, and if the 
engineer suggests it, he'll be suspected 
of copping out. As one letter put it, 
"Many producers assume the engineer 
who does not plant a forest of micro- 
phones before beginning every session 
is just too lazy." 

No doubt there are some lazy en- 
gineers around, but when circumstan- 
ces dictate it, a competent engineer 
should be able to set up, and control, 
a large number of microphones, and 
whatever else is needed to satisfy the 
requirements of the session. But when 
some other — more artistic — solution 
would be more to the point, then the 
engineer should expect the others in- 
volved to do their part too. 

So much for this aspect of technol- 
ogy. On another front, both NARAS 
and the AES had recent meetings on 
quad. This time, the NARAS meeting 
was in Chicago, at Sound Market Stu- 
dios. Jim Cunningham and I were the 
speakers, and the audience came loaded 
with questions about the various con- 
tending systems, and about quad itself. 
Most if not all the audience were in- 
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dbx announces 
professional 
noise reduction 

for tiie small 
recording studio 

dbx new RM 157 tape noise reduction system providesfour channels of simultaneous 
record and playback with 30 dB more noise reduction than competitive professional 
systems, yet is priced only slightly above the better consumer noise reduction 
systems. 

Check these major advantages: 

# In excess of 30 dB noise reduction totally eliminates audible background noise 
(hiss) contributed by the recording process. 

• 10 dB headroom improvement eliminates tape saturation or overloading of the 
tape recorder, makes level setting less critical. 

# No alignment or pilot tones are necessary for accurate code/de- 
code, and perfect transient tracking through the complete record and 
playback cycle. 

# Simultaneous record and playback on each channel 

allows monitoring off tape during recording. (Most competi- 
tive systems do not perform both record and playback 
functions simultaneously.) 

# Complete compatibility with dbx professional 
studio noise reduction systems assures that master 
tapes made with the RM 157 can be played back, 

mixed down or further processed at any of the many 
studios now using dbx noise reduction. 
# Freedom from coloration of the sound per- 
mits ping-pong or sound-on-sound recording 
through several generations without audible 
deterioration. 

# RM 157 is convenient to use for remote re- 
cording as it occupies only 3'/2" of rack space, 
weighs 15 pounds and consumes only 10 watts of 
line power. Inputs and outputs are single-ended 
and terminated with RCA type phone jacks for ease 
of connection to semi-professional preamp/mixers 
and recorders. No pilot tones for level matching are 
required; just plug it in and record. 

# Expansion of system capability to 8, 16 or 24 
channels can be accomplished within the same model 

series by adding more RM 157 four-channel units. 
• RM 157 simultaneous record and playback noise re- 
duction system prices are: 
4 channel, simultaneous record and playback (shown) $1 ,1 00.00 

8 channel, simultaneous record and playback 2,200.00 

16 channel, simultaneous record and playback 4,400.00 

# If you have a limited budget switchable record OR playback models 152 
and 154 in this series start at $161 .00 per channel. 

dbx professional tape noise reduction systems for all types of recording applica- o. 

tions are available from professional audio dealers or the factory. For full product ^ 

information and list of local dealers, contact: ^ 

< 

CD 

3 
cr 



Xdbx, Incorporated co 
296 Newton Street 
Waitham, Massachusetts 02154 
(617) 899-8090 m 
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9V|«tfet S21 Series Tlecironic Crossover 

If Hour tweeters are 
*'tweeting**iii1ieii ifour 
woofers sdioultf lie 
"wooftng" 

. . . and your amps are crying uncle, try our new model 521 active 
crossovers. They let you select the optimum crossover frequen- 
cies for your two or three way speaker systems. No need to 
change fixed components to adjust crossovers. 521 plug-in cards 
are continuously tunable from 200 Hz to 2 kHz (521 -L) and 1 kHz 
to 10 kHz (521-H). The 521-P shown below holds four crossover 
cards with its own internal power supply (optional). For larger 
installations, up to eleven cards can be mounted in SVz" of rack 
space. i 



The 521 series ahead of your own good power amps give" the 
"go" signal to increased efficiency of all two and three way sys- 
tems. Send for complete technical information today. 
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dustry members, yet there was still a 
lot of uncertainty about technical de- 
tails. Imagine the confusion the general 
public must be experiencing! 

The November meeting of the New 
York section of the Audio Engineering 
Society was on the subject of quad 
mixing. Panelist Tom Dowd neatly ex- 
plained the mono — stereo — quad pro- 
gression in terms of a file of Indians; 
musical Indians at that! In the mono 
days, the Indians were in a single file, 
one behind the other, with solo Indian 
in front of course. Enter stereo, and 
the Indians arranged themselves from 
side-to-side, still in single file, and with 
the soloist in the middle. And now, with 
quad, the tribe is at last able to break 
ranks and stand wherever they please. 
Of course there are certain spots that 
are still taboo, and any Indian standing 
on one of them will be instantly swal- 
lowed up by that old meanie, mono. 
But, as so many technical papers have 
instructed us, anyone who would stand 
in a forbidden area (center rear, for 
example) must be some kind of wierdo 
anyway. 

Getting back to the meeting, there 
was some discussion on the amount of 
tailoring required to prepare a quad 
mix that would be playable in mono. 
Each panelist had his own methods for 
coping with the 4:1 problem; however 
I remain distressed by the attention 
given to this common denominator. I 
can't help recalling those old Westmin- 
ster Lab records. The accompanying 
booklet said that. "For technical rea- 
sons, this record is pressed at a lower 
volume than most recordings. Please 
adjust volume control accordingly." 
The booklet then went on to say that 
the record would also probably sound 
a lot better on a top-quality system. 
If memory serves, the discs cost more 
than the standard product of the day, 
and contained not much more than half 
the amount of music found on other 
discs The idea was to present the best 
quality that the state-of-the-art could 
deliver. Of course there were no com- 
patibility problems, since it was pretty 
much a mono world at the time. 

I wonder what would happen if some 
of this philosophy were applied to 
quad? What about mixing down from 
sixteen directly to an encoded two track 
tape, while monitoring in the decoded 
mode? And the hell with what it sounds 
like in mono. This is the kind of think- 
ing that drives marketing people ba- 
nanas, since everyone knows that the 
great masses demand mediocrity. (If 
you don't believe that, take another 
look at your car.) But still, wouldn't 
it be fun if someone would put out quad 
records designed for the person who 
has just spent a lot of money on a quad 
system, rather than for the person who 
has not bought a quad system? But I 
guess that's being illogical. 



Year after Year... 
Crown equipment 

pays for Itself 



STUDIO MONITOR AMPLIFIERS 



All models have complete 
internal protection. liVI dis- 
tortion is better than 0.05'; 
from 0.01 watt to full power. 
All units mount in a 19-inch 
rack. Three year warranties 
cover parts, labor and round- 
trip shipping. 





DC300A 



delivers 150 watts RiVIS per 
channel into 8 ohms, or 600 
watts output in monaural 
operation; height 7 inches. 



D150 



delivers 75 watts RIVIS per 
Channel into 8 ohms; height 
5'/i inches. 




D60 



delivers 30 watts RIVIS per 
channel into 8 ohms; height 
P/j inches. 



Reliable performance and superior audio quality give 
you years more valuable service, making that higher 
original investment a real bargain. Every piece of 
equipment is ruggedly constructed, rigorously tested 
and guaranteed to meet or exceed printed specifica- 
tions. All circuits are outstanding for low noise and 
distortion, wide bandwidth and high frequency response. 
It's to your credit when you specify the manufacturer 
with 26 years experience in broadcast and professional 
studio equipment. 

DISTORTION ANALYZER 

IVIodel IMA tests audio equipment easily, quickly and accu- 
rately. Both intermodulation distortion analyzer and internal 
oscillators are enclosed in one compact unit. Even an inexper- 
ienced technician can take ten power level measurements in 
5dB steps in just 60 seconds. The ranges are 100, 30, 10, 3, 
1, 0.3, and 0.1%. 



MAGNETIC TAPE EQUIPMENT IN THE PRODUCTION STUDIO 



All models are designed to work 18 hours a day. 7 days a week 
for 10 years with three head replacements. Modular construe 
tion and plug-in circuit boards mean fast, easy field servicing 
These precision instruments will make clean, accurate record 
ings years after the economical semi-pro decks are retired 
All models handle '/j-inch tape and 7 inch and lO'/i-inch reels 
All mount in 19-inch racks. Standard speeds are 15, 7'/? and 3% 
ips. There are individual record, erase and play heads for 1 
to 4 channels. Over 40 standard models are available with 
numerous professional accessories. 



ES224 



STUDIO TRANSDUCERS 



Four models of superior quality speaker 
systems have advanced-design electro 
static elements for midrange and treble 
and acoustic suspension base woofers, 
for finest possible reproduction for the 
professional recording studio. Two models 
of excellent cone speakers provide fine 
sound for broadcast monitoring. 



CROWN, Box 1000, Elkhart. Indiana 46514 Phone (21 9) 294-5571 
Send technical data on Crown audio equipment for potential use: 
□ within Continental U.S.A. □ outside Continental U.S.A. db 




Name & Title . 



Company. 



Address. 



CX822 Mastering Recorder 

computer logic control for safe, rapid 
tape handling and editing ■ full re- 
mote control optional ■ TracSync 
available ■ each channel has two 
mixing inputs and individual bias 
adjust and equalizers ■ third-head 
monitor for meters or headphones 
with A/B switch 

.IN THE CONTROL ROOM 

SP722 Studio Player 

simple tape transport system has 
only 9 moving parts ■ remote start/ 
stop optional, automatic stop in 
play mode 

> ON LOCATION 

SX822 Recorder/Mixer 

integral mixing facility simplifies 
setup ■ same tape transport system 
and meter monitoring as CX822 ■ 
two mic or line inputs per channel 







MADE ONLY 
IN AMERICA 
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TIMEKEEPER 
TAPE TIMERS 




The Standard Model 
is calibrated for 7.5 and 
3.75 ips and can also be 
used at 15 ips. 
Dimensions are 
1%"x3y4". 
It is priced at only $59.95 




The Professional High 

Speed Model is 
calibrated (or 7.5 and 
15 ips. It measures 
2Vt"x3VA" and is 
priced at $119.95 



The welt-known TIMEKEEPER TAPE TIMERS are now 
available for immediate delivery. 

TIMEKEEPER TAPE TIMERS are easily mounted on any 
V4-inch recorder. They are fully guaranteed to meet 
with your complete satisfaction or your money will be 
promptly refunded. At these low prices you can no longer 
afford to be without a tape timer. 

Difference from the Stop-Watch 

Since the stop-watch measures time independently of 
the travel of the tape, Its measurement inevitably varies 
with the elongation or contraction of the tape and with 
the rotating speed of the tape recorder, subject to 
change by voltage and other factors. The stop-watch 
can be stopped during the travel of the tape, but it can- 
not rewind together with the tape back to the desired 
position. With the Tape Timer moving in unity with the 
tape recorder, fast forwarding of the tape involves the 
quick advance of the pointer, while rewinding of the tape 
moves the pointer backward by the corresponding time. 

Correct time keeping of the Tape Timer is never de- 
ranged by continuous repetition of such actions during 
the travel of the tape, as stop, rewinding and fast for- 
warding. Unlike the stop-watch, the Tape Timer is not 
affected by various factors of the tape recorder, and so 
the editing, reproduction and revision of your recorded 
tape can be done at will. 

Features 

• The recorded portion of the magnetic tape can be 
read at a glance by a scale division of Va second as 
accurately as a clock. 

• The performance of the Tape Timer synchronized with 
the tape prevents such errors as caused by the elonga- 
tion or contraction of the tape, and by the variation of 
speed in the rotation of the machine. Fast forwarding of 
the tape involves the proportional increase of the advance 
on the Tape Timer. When you rewind the tape, the pointer 
will be automatically moved back by the space of time 
exactly corresponding to the rewound length. You are 
free to stop, rewind, fast forward, or forward the tape 
even continuously and repeatedly without deranging the 
timing on the machine, thus prohibiting errors. These 
excellent characteristics will enable you to simplify the 
most complex procedure of editing, revising and other- 
wise processing your tape recording. 

• Every fast rotating part is provided with a precise 
ball bearing, so that the Tape Timer can be employed 
at high speed with no need of lubrication. 

• This trouble-free, high precision Tape Timer, within 
an error of 2/1000, can be simply fitted to any recording 
or editing machine. 



TIMEKEEPER 

P.O.BOX 35 
GREAT NECK, N.Y. 11021 



Please send- 
Please send- 



-Professional Tape Timers at $119.95 each. 
-Standard Tape Timers at $S9.9S«ach. 
Total for Tape Timers $ 



N.Y. State Residents add 7% Sales Tax $- 



Add $1.00 shipping per order $- 



Enclosed is check for $_ 
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Zip. 



SOME FUTURE MEETINGS 

In New York City NARAS 
Scoring for the Film 
December 6th at 6 pm 
Reeves Sound 
304 East 44th St. 



In Boston 

The Boston section of the Audio 
Engineering Society has begun hold- 
ing regular meetings. Boston mem- 
bers of the AES will automatically 
receive meeting notices. If you live 
in the Boston area and are not yet 
a member, drop the acting secretary 
of the Boston section a note, and you 
will be placed on the mailing list. 
The address is: 

Dave Chanda 

14 Greenview Street 

Apt. 5 

Framingham, Mass. 01701 

In Europe 

The 47th convention of the AES 
is scheduled for March 26-29, 1974 
at the Hotel Scandinavia, Copenha- 
gen. Anyone interested in a charter 
flight to Copenhagen should drop a 
note to the Editor, db Magazine. If 
there is sufficient response, a round 
trip from New York will be organ- 
ized. ■ 



Copies of db 
on Microfilm 

Copies of all issues of db — The 
Sound Engineering Magazine start- 
ing with the November 1967 issue 
are now available on 35 mm. micro- 
film. For further information or to 
place your order please write di- 
rectly to: 

University Microfilm, Inc. 
300 North Zeeb Road 
Ann Arbor, Michigan 48106 
A subsidiary of Xerox 
Corporation 

In addition to l^icrofilm Copies 
available through University l^icro- 
film, we have a limited number of 
regular back issues available. You 
may order these copies at $1.00 
each from: 

Circulation Department 

db — The Sound Engineering 

Magazine 
980 Old Country Road 
Plainview, New York 11803 
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OS 4-Channel News 



OVATION/SANSUI 
EMBARK ON MAJOR 
PROMOTION CAMPAIGN 



SANSUI INTRODUCES 
IC CHIP OS VARIO 
MATRIX a-CHANNEL 
DECODER 



Glenview, III. — Dick Schory, 
President of Ovation Records, and 
Hiroshi Tada. Executive Vice 
President and General Manager 
of Sansui Electronics Corpora- 
tion, have announced plans for a 
major national mutti-media pro- 
motion and advertising campaign 
to gel underway this fall. 

Across tfie country thousands 
of dealers will be involved in a 
massive educational program, 
telling the public what is special 
about Sansui's QS. They will ex- 
plain that only records encoded 
in QS have the capacity to give 
you sound sources from any area 
within a 360 sound field and that 
receivers with vaflo matrix offer 
more realistic 4-channel than any 
other decoding system. 

The exciting campaign will fea- 
ture a cooperative effort on the 
part of Ovation Records and San- 

MAJOR 

AUDIO 

CRITICS 

HAIL QS 

VARIO 

MATRIX 

New York, N.V. — Comments from 
the audio press have been enthu- 
siastic about Sansui's vario ma- 
trix circuitry. Noted critic Bert 
Whyle describes his auditioning 
the OS system in the August. 1972. 
Issue of Audio l^agazine this way: 

"A discrete quadraphonic tape 
was played lor us, and then A/B- 
ed witti a disc cul with the Sansui 
OS encoder and decoded through 
a new lype decoder. The results 
we(e startling. With both pop and 
classical selections, there was 
very little apparent ditlerence be- 
tween the tape and the disc. 
Localization and separation were 
very accurate and stable. Ambient 
material was as ellectively repro- 
duced as 'surround steieo.' There 
seemed to be little ol the dilluse 
amorphous' leeling typical ol 
much matrixed quad sound. ...it 
must be reciiOned as a matrix 
system with great potential . . ." 

VOX BOXES 
GO QS 
MATRIX 

New York, N.Y.-Vox Productions 
has joined the growing list of 
record manufacturers producing 
discs encoded in 05. The com- 
pany is set to release a famous 
vox Box of The Complete Chopin 
Music for Piano and Orchestra 
performed by the Utah Symphony 
under Maurice Abravanel: the set 
will carry Vox catalog number 
SVB5126. 

According to a company 
spokesman, several dozen other 
new albums in OS are scheduled 
for release over the next six 
months. One of the most anlici- 



sui in terms ol national advertis- 
ing with Ovation artists and 
Sansui 4-channel receivers and 
amplifiers. The entire Ovation and 
Black Jazz catalog which in- 
cludes such artists as Bonnie 
Koloc. Heaven & Earth, and Willie 
Dixon, is recorded with the OS 
encoder. Ovation is the only rec- 
ord manufacturer exclusively pro- 
ducing 4-channel discs. 

Other aspects of the campaign 
will feature dealer 4-channel 
clinics and seminars, promotions 
with banners and demonstrations 
of 4-channel showing 2-channel 
and mono compatibility. In-slore 
demonstrations will be Supported 
by attractive posters both of the 
Ovation artists and new posters 
created especially for Sansui's 4- 
channel campaign. Buttons will 
also form an integral part of this 
ambitious marketing concept. 



International acclaim has also 
been accorded the QS vario 
matrix. Britain's famed Hi Fi Nevis 
described its impression this way 
in its May. 1972. issue: 

"Undoubtedly the most con- 
vincing and interesting demon- 
stration was the Sansui. who had 
arranged comparison between 
OS Mark il Ivario matrixj and OS 
using special recording. . . . The 
OS II Ivario matrixj system 
seemed ettective; unanomolous 
discrete rear images, somewhat 
spreadened but definitely behind, 
were consistently delected." 

Julian Hirsch. director of the 
lamed Hirsch-Houck labs, in his 
September, 1973 Popular Elec- 
tronics article on OS vario matrix, 
said; 

"Having listened to a demon- 
stration ol the system in opera- 
tion both at the Audio Engineering 
Society, N.Y. convention and else- 
where, we can testily that the 
Sansui OS Vario Matrix appears 
to provide a tully 'discrete' sound 
character, with no evidence ol the 
side ellects sometimes experi- 
enced with gain-controlled 
matrices." 

And Billboard magazine's 
Claude Mall was quoted in June. 
I973's BM/E as saying: 

"SO with logic is 500 times bet- 
ter than stereo and the OS with 
vario matrix is TOO times better 
than stereo." 



pated is likely to be the Complete 
Tchaikowsky Symphonies. Vox 
has joined over 30 other com- 
panies around the world, includ- 
ing 18 in the United Slates, who 
utilize Sansui's QS matrix to pro- 
duce records with the greatest 
creative freedom for the artist 
and recording engineer and that 
can be enjoyed by more home 
listeners than any other 4-channel 
system. 

Other manufacturers producing 
OS encoded discs include: ABC/ 
Dunhill. A&M. Audio Lab, Audio 
Treasury, Barclay, BASF, Black 
Jazz. Bluesway. Blue Thumb, 
Canyon, Command/ABC, Crown, 
French Decca, Impulse/ABC, 
Jockey, Kilmarnock. King. Lon- 
gines Symphonette Society. 
Minoruphone. Ode, Ovation, 
Project 3, Pye. Ouad Spectrum. 
RTV/ERA. Teichiku. Telecast 
Marketing, Toho, Tokuma-Onko, 
Tumbleweed, and Toshiba-EMI. 



QS 

Regular 
Matrix (RM) 

First in Hardware 
First in Software 

New York, N.Y. - The OS/RM 
4-channel matrix can be found on 
more pieces of high fidelity equip- 
ment than any other 4-channel 
System. Over 58 manufacturers 
are now making more than 242 
models with QS or RM decoding 
positions. 

To match the hardware story, 
OS has surpassed all other 4- 
channel Systems in record pro- 
duction as well. Over 30 com- 
panies around the world have 
produced over 496 albums in QS. 
That includes over 166 records 
manufactured by 18 companies in 
the United Slates. U.S. artists rep- 
resented by these companies in- 
clude such names as Carole King. 
Joan Baez, B. B. King, Bonnie 
Koloc. SunRa, Willie Dixon, 
Beverly Sills, Cato Barbieri, 
Enoch Light. Dick Hyman, 
Pharoah Sanders. John Coltrane, 
Count Basle. Tony Motlola and 
101 Strings. More and more manu- 
facturers are using the OS matrix 
because of its unique engineering 
freedom and the fact that more 
consumers can buy more equip- 
ment capable of decoding QS 
Regular Matrix. 



KLOS 
GOES 
OUAD 

Los Angeles, Calif. - KLOS-FM, 
ABC's top rated station in South- 
ern California and a national 
leader in the 18-34 market, has 
just completed its first series of 
regularly scheduled 4-channel 
broadcasts. 

The 13 week series sponsored 
jointly by Pacific Stereo and San- 
sui Electronics Corporation has 
impact far beyond the high ex- 
pectations of the Sponsors or the 
producers. The impact was so 
great that a second 13 week 
series is planned starting in the 
next few weeks. 

KLOS used a QS encoder and 
ran all their programming for the 
quadraphonic segment through 
the encoder. This included all 
types ol tapes and discs. The lis- 
tener at home with a mono set 
received the FM signal with no 
change and no dilution of quality, 
while the FM stereo listener ac- 
tually got a program with an 
enhanced stereo effect and the 
listener with a OS or other de- 
coder, had FM 4-channel sound 
with all its nuances and subtleties 
brought into his listening room. 

Response to the series was en- 
thusiastic. KLOS reported phone 
calls and letters requesting infor- 
mation on 4-channel and 4-chan- 
nel broadcast, while local audio 
dealers reported a noticeable in- 
crease in traffic through their 
stores and specific increase in in- 
terest in 4-channel products by 



Woodside, N.Y. - Sansui Elec- 
tronics Corporation has an- 
nounced a major breakthrough in 
4-channel audio technology. After 
years of experimentalion and de- 
velopment, the Sansui OS vario 
matrix decoder has been reduced 



to three different IC chips. Two of 
the three chips are currently in 
production and available, while 
the final chip will be available in 
quantity by early February. 1974. 
The IC chips will be manufactured 
in Tokyo by HitachL 

Sansui is aggressively pursuing 
a two-stage licensing policy of the 
chips and vario matrix decoder. 
Step one is giving chips, informa- 
tion and technical assistance to 
any audio manufacturer request- 
ing them. This Is intended to aid 
the industry in experimentation 
with what Sansui believes to be 
the greatest single advance in 4- 
channel technology since the in- 
troduction of the QS matrix itself 
in 1970. Step two is licensing of 
commercial production of QS 
vario matrix decoders. 

The IC chip version of the vario 
matrix decoder is a huge stride 
for a number of reasons. The con- 
cept of IC's provides tremendous 
economy in terms of simple com- 
ponent costs, but also in adjust- 
ment and "tuning " costs. Conven- 
tional discrete component decod- 
ers had to be adjusted for max- 
imum performance, the current IC 
chip OS vario matrix is set to 
operate at peak performance from 
the time of manufacture. 

Economy is one major aspect 
of the new IC units. "Universality " 
Is the second major area of im- 
portance. With the proliferation of 
several matrix systems, there has 



all manufacturers. 

WSHE in Miami. Florida, the 
leading rock station in the Miami- 
Ft. Lauderdale area, has just pur- 
chased a OS encoder and plans 
to go 24-hoijr Quad by mid- 
November. "We believe 4-channel 



not been one decoder that could 
adequately handle more than one 
System. The new IC chip OS vario 
matrix can and does. II provides a 
full 2CldB separation in the QS 
mode and excellent separation on 
all SO records. 



Another exciting aspect of the 
new vario matrix technology is the 
synthesizer. Previously, so-called 
synthesizers added ambient 
sound available on most conven- 
tional stereo records, to the rear 
channels and "created " a 4-chan- 
nel effect. With the new IC chip 
vario matrix decoder, a 2-channel 
Signal is fed through ils own en- 
coding process and then de- 
coded. The resulting signal is a 
■surround" effect with real direc- 
tionality on three sides. Music is 
no longer just enhanced, instru- 
ments are spread around a pan- 
orama, but appear to be fixed and 
have position and direction. Since 
a majority of record collections 
are still primarily stereo, and 
since many 2-channel discs will 
never be released in 4-channel, 
the new development adds a new 
dimension to 4-channel, rather 
than being just a large technical 
leap. 

With the new IC chips plus as- 
sociated discrete components, a 
manufacturer can build a Univer- 
sal decoder and synthesizer for 
less than $12. which means that a 
decoder could be available to the 
consumer at a price anyone in- 
terested in 4-channel can cer- 
tainly afford. 

Since Sansui incorporated the 
vano matrix in its QRX receiver 
line in January. 1973. sales have 
risen dramatically and consumer 
response has been overwhelming. 



is the most exciting broadcast 
development in many years and 
the wave of the future, " com- 
mented WSHE s owner. Gene 
Milner. "We're looking forward to 
being the first in our market with 
it." 
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Martin Dickstein 

SOUND WITH IMAGES 



VidExpo '73 and AES 



• With all the conventions that have 
been taking place in the last few 
months and those still to come, it 
might be well for us to start each 
coverage with a brief description of 
the sponsors to avoid confusion for 
those who might not be familiar with 
some of the organizations. 

First, from September 4 to 6, at 
the Plaza Hotel in New York City, 
Billboard Publications sponsored Vid- 
Expo '73. Among the publications 
that sponsored this convention and ex- 
hibit were Billboard, the international 
news-weekly on music-records-tape- 
video; Merchandising Week, the home 
electronics industry news-weekly; Vid- 



news, the biweekly video newsletter; 
High Fidelity, the monthly hi-fi mag- 
azine; and Photo Weekly, the photo 
industry's only weekly business paper. 

In conjunction with VidExpo '73, 
the International Industrial Television 
Association had a meeting of the 
North Atlantic Region on the topic, 
Management of the In-House Televi- 
sion Production System. It took place 
on September 4 and covered subjects 
of great interest to the more than 
seventy users, specialists, and inter- 
ested visitors who are involved with 
use and application of video equip- 
ment and services in government, in- 
dustry, and educational facilities. The 



people then gathered in small groups 
to discuss, with experts, subjects of 
mutual interest such as video in train- 
ing and information, cost effective- 
ness, and budgeting. 

At the VidExpo '73 convention it- 
self, nearly 2,000 visitors were offered 
a series of talk-and-discussion sessions 
beginning with How Management Is 
Using Video Networks To Improve 
Communications. The moderator of 
the session, Mr. Warren Wille, Infor- 
mation Services Manager of Dana 
Corp., told about his company's re- 
trieval system, which distributes the 
latest information from a variety of 
input sources to as many as twenty- 
five individual locations, throughout 
offices and conference rooms at com- 
pany headquarters. Inputs include 
slides, graphics, video tape, live cam- 
era pickups, character generator infor- 
mation, magnetic video discs and 
tapes, and a computer memory. Sim- 
ilar installations have also been made 
at three other locations. 

In the insurance field, the session 
was told by a representative of" the 
Insurance Company of America, that 
they started with 65 V2 inch EIAJ 
machines (reel-to-reel) and are now 
using 1 inch facilities and % inch 
Umatic machines. Marketing informa- 
tion and employee news is distributed 
in offices in both this country and 
Canada. 

The other two speakers at this 
meeting, one from IBM and one from 
the Chase Manhattan Bank, told of 
how their respective companies make 
use of video. IBM now has well over 
600 %U machines in field locations, 
headquarters, and various division 
labs and plants. Salesmen, executives, 
and employees are all informed by 
t.v. At the bank, video is used to in- 
form employees and banking and se- 
curity groups elsewhere in similar 




Figure 1. This is the origination studio 
of Trans-World Communications. Each of 
the seven cities in which the company 
operates has an Identical control point 
which transmits current motion pictures 
to all the hotels hooked to the system. 
The "mini-computor" In the foreground 
transmits the selected features to the 
guest's room within 33 milliseconds 
of receiving the order. 




The FM Volumcix \yy C^S Laboralories i& the \iery best w^y lo insure 
bright, rrisp sounds! Allowing niaximum signal strength, It prevents 
overmodulation without distortion, and has gefitle control aiction. 
Unconditionally guaranteed to outperfonn all other related de\'ices, 
the FM Volumax is the ultimate in automatic peak tontrol- Available 
in monaural or stereo. Frwi CBS LsboralOFies, of course. 



CBS LABORATORIES 

A Diviiiornj! CulLTi tid BruiLclLJ!t1ir\Lj iysJifrr, lr< 
227Hi(Jn Rit^ RcvjiJ, Etinifttfii. Cannw-l-kiut Q6^i(l''i 
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PERFORMANCE: The SPECTRA SONICS Model 610 "COMPLIMITER"TM can accomplish, 
independently or simultaneously, limiting and compression fun(?tions with performance that is unequalled 
by most linear amplifiers. The minimal noise inherent in this system assures a low threshold of -40dBM and 
permits an input sensitivity substantially greater than other systems. Through the use of the most advanced 
circuitry, the Model 610 "COMPLIMITER"TM has the fastest attack time (100 nanoseconds to 2 micro- 
seconds). The "COMPLIMITER"TM allows undistorted recording and transmission at levels that are 
measurably higher than those commonly in use. In tape recording, for example, this "limiting only" mode 
eliminates approximately 6dB usually set aside for tape overload protection. I 



RELIABILITY: The extensive use of the "COMPLIMITER"TM 
order of confidence in reliable, consistent operation. 



in the audio industry confirms the highest 



Today's competition can only be met through the most advanced designs - "Beyond The State Of The 
Art." For more information on audio products of superior performance contact SPECTRA SONICS at: 



770 Wall Avenue 
Ogden, Utah 84404 
(801 ) 392-7531 



<PECTBB <DNIE5 



6430 Sunset Blvd., Suite 1117 
Hollywood, Calif. 90028 
(213)461-4321 



LEADER IN ADVANCE D TECHNO LDGY 



branches and offices. 

Other sessions discussed the sub- 
jects of How Business is Using Video 
to Improve Employee Performance, 
An Up-to-t he-Minute Look at Many 
Ways Government Agencies are Util- 
izing Video, and Education — Does 
the "Entertainment" Concept Really 
Work?. In the other two conferences, 
topics under sci^tiny included Spe- 
cialty Applications in Advertising, 
Medicine, Hotel Pay /Free T.V., and 
Cable T.V. and Home Entertainment 
— What Does the Consumer Really 
Want? 

At the Specialty session, Dr. H. J. 
Bamum, of the J. Walter Thompson 
Advertising Agency, spoke of his 
company's branching out into the 
medical field and producing software 
for the continued education of prac- 
ticing physicians. More than 150 doc- 
tors are involved in this country and 
overseas in the preparation of mate- 
rial to be recorded and distributed to 
members of the American Academy of 
Practicing Physicians. The agency's 



function is in the production of the 
software and making masters which 
can be reproduced in any medium. 
The present plan is to produce 48 
modules, each consisting of a video 
tape, accompanying text, and demon- 
stration kit, available for a small 
monthly fee to the subscribing phy- 
sicians. The ultimate purpose is to 
raise the standard of knowledge in 
physicians. Incidentally, the cost of 
the project's production will be cov- 
ered by advertising in the cassette, text, 
and demo kits of the package. 

Dr. George Rowland, Chairman of 
the Commission on Education of the 
American Academy, then explained 
that the organization was founded in 
1947 to keep family doctors up to 
date and that physicians are required 
to pass National Board exams every 
six years in order to specialize. All 
members are also required to spend 
150 hours in three years for reedu- 
cation. For the package he will re- 
ceive, the physician may need a cas- 
sette player, a film or slide projector; 




iPASSNie 



Don't. Production profits are up to you. 

GRfinDson is on the way with help. 

ouditfonics. inc. 

P.O. Box 12637 • IVlemphis, Tennessee 38112 
Circle 37 on Reader Service Card 



Figure 2. Genera! Electric's large screen 
television projector created images 
visible to large groups of visitors who 
wished to see the best of the in-house 
productions presented at the VidExpo 
73 conference. 



these could either be owned or rented 
by the doctor. Dr. Rowland said that 
there were 35,000 members of the 
Academy and that over 100,000 phy- 
sicians receive the organization's mag- 
azine. Question and answer periods 
followed. 

Before we discuss the exhibits, or 
at least some of them, let's mention 
that the excerpts taken from the talks 
and discussions of some of the meet- 
ings were selected only to provide 
a sample of what took place and not 
to compare or show preference in any 
way. The same is true of the choices 
of exhibits and equipment mentioned. 



The time has come when oigi 
delay for both the recording studfo 
and sound cortf actor is no longer 
a luxury but a necessity Pandora 
Systems has developfed a unit 
which fulfills the needs If both, and 
has flexibility and technical excel- 
lence that surpasses any compa- 
rable aevice available on the mar- 
ket today. 

High resolution 12 bit digital en- 
coding products a full .*2db dy- 
namic 'ange naturally, 
making the use of signal 
altering noise reduction 
unnecessary. Coupled 
with less than .1% distor- 
tion {measured at full oUt~ 
pi}t 400 HZ) the Time Line 
literfilly is a black box that 



DELAY... 

TIME LINE 
IS NOW! 





generates time delays without any 
alteratto to the signal. 

By using modular const'uction 
the unit c^n be expanded at any 
time. The main frame holds 449 ms. 
of dalay and 5 outputs. Inter-con- 
nectmg frames are available for 
longer delays. 

belay times are variable in 1 ms. 
steps by simple front panel patch- 
ing or internal strapping for per- 
manent fpstallations. 

Tie thi'i all toge her with 
'llB* lowest basijfc price in 

iSiidustry, the Time 
^ il Line becomes he ultimate 
time machine. Pricing 
H ^arts at $2,500. Dealer 
and contractor inquiries 
invited. 



I 



(615) 320-0623 P. O. BOX 964, PAiXPQliA NASHVILLf, TENN. 37202 
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If you're seriously into music or 
sound reinforcement you want more 
than hi-fi products can give 
you. But full professional stu- 
dio gear costs an arm and a 
leg, and you pay for a lot of things you may not 
really need. 

That's why there's a TASCAM Model 10. It's an 
8-in, 4-out mixing console, and it's just $1890. 

With the Model 10 you get what you have to have. 
Without sacrificing a single necessary function. 

Each input module gives you mic and line atten- 
uation, three bands of peak and dip equalization (two 
with frequency selection), pre- and post-echo send and 
receive circuitry, pan function, and a unique straight- 
line fader. 

Each of the four submasters has a meter control 
switch (line/echo), independent monitor level control, 
echo receive level control, and a straight-line fader. 
You also get a master gain module and 4" VU meters 
with LED peak indicators. Plus pre-wired facilities for 



Kbu poq for 
uihcil i|ou need 



up to four additional input modules 
and other optional accessories 
inciuding talkback, remote 
transport control, quad pan- 
ner, and headphone monitor. 
That's what you need and that's wnat you pay tor. 
Some things, however, you may or may not need, and 
we leave that choice up to you. For instance, the basic 
Model 10 is high impedance in and out, but studio line 
impedances are available optionally. You'll probably 
want low impedance mic inputs, but you may not need 
all lo\v impedance line inputs. So we don't make you 
pay for them. You can order any combination of high 
and low input/output impedances according to your 
application. 

Details and specs on the Model 10 are available 
for the asking. At the same time we'll tell you about our 
new Series 70 Recorder/reproducers. 



We've got what you need. 

CORPORATION 



□ 


■ 
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5440 McConnell Avenue 
Los Angeles, California 90066 
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presents the new RP10-12 
PROFESSIONAL EQUALIZER for RECORDING and PLAYBACK 

PERFECT tailoring of octave-wide bands ... Infinitely variable adjustment flexibility 

Special Effects programming . . . Instant re-setting 
'''"i"i~,iK^^f,^^^ia_Computone-Charts 



Recording Studios • Audiophiles > Night Clubs • Performers • Theatres 
Churches • Gyms' Auditoriums • Hi-Speed Duplicating* Musical Groups 




SPEC I PICA TIONS 

09% & 2V. .05% @ IV. Tya: .CI % @ JV, 

11/ A.., » -P..-. 1^ ,.. 



FRCQUENCT RESPONSE: ± i-i rfB 1i 
'/, aa amji @ 100 KHt. 

HAftMONIC OlSrOffTION: t*- 
JM DISTORTION.- LfSi (han .0_ ^ „ 

SrGNAL.TO.NOlSC B/(T(0: Btltrr than 90 d8 BfTo™ 2V iitpuf.'f j-S 9! rfB 
INPUT IMP£[>4NCE; JOOK ohmi - (OocraMt tiam ,ny lOu.c. up fp IMK ohmi. 
any Mi,er, HfFi P'eamn, RreeSver or Tmpt RrCorderl 

OUrpUr IA*P£DAncE: 6t» Ohmi - rqp*j-»bl» InfO mny Mii-*t. H.Fi Amp. 
Rrcr.trtr.or 7jp* RKordtr). 

!^.*f57j?.f ,!'*?.^?:''*'*("'.^? "o(#-»f»e»n(*r»d, »nd -QuTPUT ADJUST~ control 



SPECIAL PEA TURES 

VU METEtf: P.ecliion ± . 594 rrrrtrr movmrntrt Pravi-fes trr mceurmtf 

vi«jtl display, lo rOa^'r e»-«ct umty wifl InDUI-ouFRur malOirnc 

JNOUCTORS; Tarotaal and Sft.rlded Urriit-cort 

CrRCUIT SOAROS: M<Jif*ry grade G-IC s''(f •PO.y. 

RCSjSrofTS' LOw-fiOii« i«J«ctf(j carbon-film rhreushoul. 

SWITCH CONTACTS: 5<Jlcf Pf»t*<J ro aiturr tOw nut* .ntf rfrfjOiffty 

DEFEAT SWITCH: £|*c1r(Car^y rvmovvs tA« Effvali'rr from Fh« circuit 

OUTPUT AOJUST: COntroli i conCinueLFiry vtriAbl* 18 dB ranffr 

'f|>m -JS rfB tfl 1-6 M. ra mj(cfi oulpuf toJnpul 

RANG£: 12 dS S&i>«C jnd 12 dB cuf, p^ch octtve c«^l«rr4 ct 30 

60. tlO. jao, 480, 960, J970. 3W. 76BO a-iri rs.360 Mr. 

StrE: WaJnut grainrrf w(je.rf cjj^ 5i4 " 1 J" Jt 1 1 ". A»cK »ncl 5 W ■ 1 
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SeunrfcraflimM: IJJO E, wrnkt-hmm Av« , SjnM Ars», C»(. 92?05 />n; BM 8371 



STEREO 20-12 $299.50 

MASTER 0UTPU7 LfVEL: "FrFau^ncy-ipccri-um-l^vW coitrVl* tor frfl and 
right ehMnnelK, contiriuooily varj^bi* la dlj r»ngf. for unity sain 

HARMONIC DiSrORTION; LMt than IJi THD (HI- Jip; 05« |A 1 u 
JM DISTORTION; J.**i (han J % ® 2 * , Typ: .OSM <&\v ■ 
SIGNAL.TO-NOISE RATfOr Brtttr ihan 90 da btiowlv pufjjyt 
INPUT IMPEDANCE: Oprr^bi* iram any ioure* lOOK ohm » or _ 
* i*!!,^ f^* B««»wr dH- Tap? RrcOrrf«r.) 

0UTPU7 IMPEDANCE: OptFjblf tnIO 3K ohml or jrp^lvr - 

fany Hi-f^ AmO. R»Cf.h-pr or T»P* RKOrln.t 
SHE; Walnvt-grtlnea nOotf e*i* 514 " « IS" j* J J ■. or rick-<~iounr 

ALSO «vAiLAaL£ ™. 20-12-600 . .$349.50 

SAME AS 12 aSOV£. EXCEPT MAS 600 OHM OUTPUT 
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A NEW STANDARD 
IN PERFORMANCE 



D-200E Two-way cardioid dynamic 
microphone. 

For information on the entire 

AKG product line call or write 

AKG M ICROPHONES •HEADPHONES 

OISTRIBUTEO aV 

NORTH AMERICAN PHILIPS CORPORATION 

lOOEAST *2nd STRCeT. r«EW vOftK. NEW VORK 100I7 
TEL: (SISl 6S7-3eoo TWX: US M7«a4 
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Figure 3. Ttiis control unit, offered by 
Audiotechniques and sfiown at AES 
provides special effects ligfiting, f)as 
front panel fuses, on-off switcfies, indi- 
vidual and group controls, and volume- 
like sliders tor separate intensity 
control of each circuit. 



Since it is not possible to mention all 
of them, only some will be mentioned, 
and some representative equipment 
will be described. 

Among the exhibitors of hardware, 
there were Image Communications/ 
Norelco showing the vcr with various 
features such as electronic editing, re- 
mote control, and frame lock; JVC, 
with several models of % inch and 
Vz inch video machines, color cam- 
eras, and monitors; Martin Audio, 
showing Sony video equipment; Pana- 
sonic exhibiting its full line of video 
equipment, including both U and V2 
inch recorders; King Instrument Corp. 
showed an automatic video cassette 
loading unit, an 8-track splicer, and 
an 8-track winder, and a computer 
cassette loader; and Sharp Electronics 
showed its complete video system 
using a Vi inch EIAJ compatible video 
cartridge recorder. 

Hitachi demonstrated its Magnetic 
Disc memory device which can record 
and reproduce up to fifteen individual 
still pictures from any source, includ- 
ing a camera, vtr or t.v. receiver. Fif- 
teen magnetic heads are used and 
images can be recorded in sequence, 
or at any time interval, which can be 
set from 0.1 seconds to 225 seconds. 
The playback time can also be set 
to any speed from 0.2 sees, to 
64.5 sees. The disc can be stored for 
future playback or shown on a stand- 
ard t.v. set and then reused. The hor- 
izontal resolution of the system is 
given as more than 350 lines in B/W 
and better than 250 lines in color. 
Synchronization is fxjssible with an 
outside audio source if desired, and 
the unit will automatically record or 
playback continuously, if preset in this 
manner, or will provide a still image 
on any of the fifteen recorded pictures. 
The disc is 100 mm. in diameter and 
rotates at a speed of 3600 rpm. 

One part of the session featured a 
playback of selected in-house produc- 
tions from various industrial and edu- 
cational sources. For the registrants, 
this feed was available at the confer- 
ence on a large screen or in their 
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hotel rooms through a setup provided 
by Trans-World Communications, a 
division of Columbia Pictures Indus- 
tries. Trans-World has, since 1968, 
provided closed circuit entertainment 
and communications services to hotels 
in the U.S., Canada, and the U.K., 
and is now installed in more than 
30,000 hotel rooms. Televention serv- 
ices are also provided to large con- 
ventions, and Tele /Theater services 
are available (for a fee) to provide 
three channels of entertainment in 
color, including motion pictures, live 
sporting events, and special affairs. 

At the conference itself, visitors 
could see the same program material 
as that fed to the hotel rooms on a 
large screen. The image was projected 
by a G.E. large screen t.v. projector 
utilizing a new single electron gun 
and single optical axis light valve. This 
system eliminates convergence and 
registration problems usually found in 
most 2- or 3-gun systems. The unit 
consists of a projection head assembly 
with pan and tilt adjustment on a 
control and electronics pedestal. The 
head contains a sealed beam Xenon 
lamp as the source, the sealed light 
valve, and the projection lens. Images 
up to 20 feet in width are possible and 
can be used either for front or rear 
screen operation. 

The week after the VidExpo con- 
ference and exhibit took place, the 
Audio Engineering Society had its 
convention. Most of our readers are 
familiar with this organization; the 
sessions and exhibits are covered in 
these pages. However, at this session, 
there were several additional items 
that might be of interest from a visual 
standpoint. 

At the exhibit, which ran from 
September 10-13 at the Waldorf As- 
toria Hotel in N.Y.C., Audiotech- 
niques, Inc. of Stamford, Conn, dis- 
played two items of a visual nature. 
One was a Lightmaster made by Zero 
88, in London, England. This unit is 
a lighting effects synthesizer and con- 
trol unit which, through plug-in mod- 
ules and front-panel controls, can 
provide sequence flashing, random 
flashing, ten variations of flowing 
light, and can convert sound to acti- 
vate the connected lights. The other 
device is called a Dream Screen. 
Music, or any other sound, is con- 
verted to changing light patterns 
which vary in shape, intensity, and 
color. A control box, through which 
the sound is fed and converted, allows 
for presetting or changing any of the 
variables. The unit can also operate 
by itself without any audio input at 
all. At present, screens come in three 
sizes— 6' X 4', 4' x 3', and 3' x 2'. 

The other visual effects were cre- 
ated at a special meeting which took 



place in the evening of September 1 1 . 
Under the heading Look What they've 
Done to My Song, Ma.', the AES of- 
fered a look at the past, present, and 
future of recording and displayed 
equipment from the Edison era to the 
modem multi-track tape recorder. 
Aural effects were pre-recorded; one 
such was a 16-track musical selection 
written specially for the meeting and 
recorded on a synthesizer by Walter 
Sear. Along with the sound from the 
sixteen speakers set up around the 
room, two special projectors were set 
up at the rear of the room to illumi- 
nate the ceiling and the walls of the 
room while the music was playing. 



The effects from one unit resembled the 
more common oil-and-water-overhead 
projector combination but with much 
more interesting and varied effects. 
The other provided changing light and 
moving shapes which were mixed with 
the effects from the first unit. The 
projectors are called Meteor Majors 
and are available through Meteor 
Lighting in Syosset, N.Y. The units 
come with various attachments which 
can be fastened to the front of the 
projector without the use of any spe- 
cial tools. The latter effect was cre- 
ated by the Rotating Cassette attach- 
ment, and the former by their Liqui- 
splode unit which consists of a small 
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The Robins/ Fairehild 
Reverbertron, Model 
659A, is another example of how we 
engineer more performance into less 
space, at lower cost. Requiring just 7" of 
rack space (two 3y2"-high remotable 
units), Reverbertron is a full-featured 
reverberation system priced at only $979. 

The price is harder to believe when you 
consider the system's many features. 
Using six differently-tuned electro- mech- 
anical delay lines, Reverbertron produces 
a natural "echo" effect. 



US. Palfnl No. 3436674 



which may be customized at will. 
Decay time is switch-selectable over 
a 3 to 5 second range, with local and 
remote selection of 3 degrees of rever- 
beration. Response can also be easily 
tailored. With low-frequency equalization, 
high-frequency boost and peak selector, 
plus a high-frequency droop control. 
Accepting signals as low as -30 dbm, the 
unit's maximum output is continuously 
adjustable to -p 1 8 dbm. All signals in the 
system may be easily read via a built-in 
edgewise VU meter. 

Specifications are likewise impressive, in 
terms of noise, response and distortion. 
For more information, contact Sales 
Manager Rick Belmont. 



irvjSQFAIRCHILD 

The first name- and the last word-in recording and broadcast equipment. 
A Robins Industries Corporation 
75 Austin Boulevard, Commack, N.Y. 1 1725 (516) 543-5200 
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Buy the best at any cost- 
even if it costs you less! 

Broadcast and audio engineers around the nation have chosen 
Ramko products on performance specs alone. Then were pleas- 
antly surprised at our low, low prices. 




Compare Ramko performance yourseff. Free 10-day evaFuation 
period and 2-year warranty guarantee you get the best, 




TURNTABLE PREAMPS 
MP-8 S72 (Mono) SP-8 S114 (Stereo) 

Oulstanding sensitivity and incomparabis 
reproduction. RIAA/NAB equalized +1db. 
O.Smv sensftiviiy at lltHz tOr-Mdbm oul. 
Balanced 600 ohm ouC. — 65db S/N 
ratio. +20dbm out max- 0.1% or less 
distortion. Internal power supply. 
TabletoP Or bracket mount. 
Shipping wefght 3V^ lbs. 




AUTOMATIC CART & CASSETTE LOADERS 
ACL-2S 

At last aulomattc Precision winding at a price you can 
afford! Eliminates guesswork because dials set tape 
lenglh lo the second. The exact amount of tape is 
fed onto the cart or cassette, itjen it is shut off 
aulOmattcally. Exclusive torsion control for 
Proper tape pack and winding of various 
tiub sizes. TIL digrtal control ctrcuilry. 
Other models feature speed 
and tone sense options, 
S266 10 S350. Ship- 
Ping weight 30 lbs. 
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MIC/LINE AMPLIFFERS 
MLA-1 S84 (Mono) MLA-2 S112 (Stereo or Dual Mono) 

Dual (jfiction ulilily amps. Inputs for mic and/or 
line. ±0.5db response. 10Hz to 20kHz. Mic 
Input — 65db (or J-4dbm out. Balanced 
inputs on high-level and mic channels. 
Balanced 600 ohm out. +20dbni out 
max. 0.1^ or less distortion. 
Internal power supply. 
TableloP or bracket 
mount. Shipping 
weight 4 |bs. 



DISTRIBUTION AMPLIFIERS DA.6 1109 

Individual output amps provide maximum isolalion. 
±0.5db response, lOHz to 20kHz. 26db gain. 

Balanced bridging or matching input. Six 
balanced 600 Ohm outputs, -|-20dbm out max 
Output level control. 0.1 % or less distortion. 
Internal PowSr supply. Tablelop or bracket 
mount. Shipping weight 4 lbs. Other 
models leature rack mount, 
output metering and up 
to 32 outputs, 
S138 to S425 



STUDIO MONITOR AMPLIFIERS SMA-5Q S1Q5 

Exceptional reproduction! Internal muling. 
±1db response. 20Hz to 40kHz. 25w music power, 
50w instantaneous peak power, 13w rms. Hum and 
noise. — 65db below rated output. Distortion less 
than 1% at 15w rms; typically below 0.25% at 
less than full Power. Load impedance. 
4, 8. 16 Ohms; input balanced bridging, 
lOOkOhmS. variable base contour. 
Internal overload protection. Internal 
power supply. Tabletop or bracket 
mount. Other models feature 
raCk-mounted mono, stereo 
or dual mOno options, 
S128 to S169. Ship- 
ping weight 6 lbs. 




COLLIMETERS 
(Precision Tape Head S Guide Alignmenl) 
Standard. C-ll Sl5 Mulli-Cart. C- IV S19 

A Ramko exclusive! Designed by Ramko to speed 
up tape head and guide alignment on all cart 
machines. Now used by more than 5.000 
engineers. Unique combination of 
optical and electro-sensing 
elements alfows you to 
precisely adjust Height. 
Zenith, and Azimuth 
on all cartridge 
machines. 



ORDER TODAY FOR 10-DAY TRIAL PERIOD. 
Compare Ramko performance yourself. 



Ramko Research Professiona 

351 6-B LaGrande Blvd., P.O. Box 6031 
Sacramento, California 95860 (916) 392-2100 



Professional Audio Products 



Figure 4. This special effects projector 
was used at the AES Convention for 
the highly successful production of 
"Look What They've Done to my Song, 
Ma!". The attachments provide differing 
effects. 



tank with separate compartments for 
the two liquids, agitated by a tiny 
pump. 

Before closing this coverage, let us 
remind you of the upcoming conven- 
tions for which we can only ask you 
to remain tuned. We hope you can 
attend some of these if only to meet 
old and new friends whom you may 
not have seen or heard from recently, 
or since last year at the same con- 
vention. We met many friends at each 
convention, like Joel Tall after whom 
the Edi-Tall block for tape editing is 
named, John Woram and Larry Zide 
who each had an important part to 
play at the special meeting of the AES 
Convention we talked about, and many 
more. You might even meet old and 
new business contacts, which is what 
conventions are all about! 

Obviously, this preview can cover 
only a very small smattering of all the 
hard- and software that can be seen 
or information that can be acquired 
at these conventions. We hope that, 
at the very least, we whet your appe- 
tite for more details on subjects, opin- 
ions, and equipment. For example, we 
hope you will be able to attend the 
Day of Visuals, sponsored by Audio/ 
Visual Communications and the Na- 
tional Visual Communications Asso- 
ciation. This one day session on No- 
vember 29 will take place at the 
Roosevelt Hotel in New York City 
and is designed for all who are in- 
volved in any way at all with audio/ 
visuals. The morning sessions will pro- 
vide an overview of the a/v field, with 
novel uses for various a/v techniques, 
a pair of talks on New Imagery Tech- 
nology, including the video cassette 
and the latest on new video transmis- 
sion systems. The afternoon will be 
divided into two meetings, each in 
three sections. One session will be on 
A/V Managing and the other on Cre- 
ating the Presentation. Then there will 
be a final joint meeting to close the 
conference. Every moment will be pro- 
ductive; even the luncheon will fea- 
ture a talk by the producer of the 
film. Let the Good Times Roll, in- 
cluding tips on film editing, sound 
techniques, and illustrative film clips.^ 
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Picture Gallery— 

4 3 rd AES Convention 

I 

ONCE AGAIN, it is time to show what our camera saw 
as it travelled an AES Convention, This one took 
place on September 10 to September 14 at New 
York's Waldorf-Astoria Hotel. Each new show 
seems bigger and better and more well run than the one that 
came before. 

This picture gallery presents as many views as space per- 
mits us to show. This is by no means all that there was to 
see. If you want information on the products shown send in 
the number indicated with a circle around it — on the card 
to be found at the back of this issue. Information will be 
sent you directly from the manufacturers. 



VIEWS AROUND THE SHOW i 
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The grandson of 36 grand from 
A iidiotronics is a compact 18 in, 4 out 
console design. Circle 59 on Reader 
Service Card. 



Modestly budgeted radio stations will 
want to know more about the CCA 
packages. Circle 67 on Reader 
Service Card. 



Fairchild Sound demonstrated this 
broadcast console for i.v., custom 
built for KLFY-TV. Circle 53 on 
Reader Service Card. 




Full quad mixdown is only one of the 
features of Spectra-Sonics 24 in, 
24 out console. Circle 62 on Reader 
Service Card. 



It was a rare moment indeed when 
we were able to gel an unobstructed 
view of the Neve console. Circle 72 
on Reader Service Card. 



Mom's Wholesome Audio is the name 
given to Gately distributed p.a. 
mixers. Circle 78 on Reader 
Service Card. 




At tlie MCI booth, their big 
board was constantly being 
demonstrated. Circle 70 on Reader 
Service Card. 



Among the best looking consoles at 
the show was this RCA BC-lOO 
series unit. Circle 77 on Reader 
Service Card. 



Sescom offers a range of inicroplione 
splitters and combiners to the 
industry. Circle 50 on Reader 
Service Card. 




These various components combine 
to create the Automated Processes 
memory mixdown system. Circle 71 
on Reader Service Card. 



This Allen and Heath 6 in, 2 out 
portable mixer was demonstrated by 
Auditechniques, Circle 56 on Reader 
Service Card, 



Noise reduction at reduced per 
channel cost is provided by the dbx 
157 , shown as two units. Circle 58 on 
Reader Service Card. 
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Tliese small modules incorporate the 
ITI Paramatrix ec/ii(ilizi)'g system for 
console installation. Circle 65 on 
Reader Service Card. 



GET MlXEt> DO'WH 
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With the front panel dropped, the 
Crown DC-300A amplifier shows 
its innards. Circle 60 on Reader 
Service Card. 




The sign on Allison Reasearch/ 
Automated Processes' "memories 
little helpei^' says it all. Circle 66 on 
Reader Service Card. 



Share Brothers offer this portable 
gated compressor for recording and 
broadcast itse. Circle 73 on Reader 
Service Card. 




The Dolby 364-E2 film equalizer and 
noise reduction unit is for optical 
tracks. Circle 68 on Reader 
Service Card. 




Eventide Clockworks' digital delay line 
is now available in a less expensive 
version. Circle 57 on Reader 
Service Card. 



BI-AMPORTRI-AMP 

UREl 521 
ELECTRONIC 
CROSSOVERS 

•CONTINUOUSLY TUNABLE 
•COMFftCT, EASILY INSTALLED 
• MODERN. MODULAI? DESIGN 





The Pandora Timeline can supply a 
wide range of delay times via card 
additions. Circle 69 on Reader 
Service Card. 



UREl's electronic crossovers permit 
you to create your own monitor 
speaker systems. Circle 61 on Reader 
Service Card. 
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Almost any configuration can be 
used with the proper Waters fader 
control. Circle 74 on Reader 
Service Card. 



This ultra-sophisticated operating 
deck for 2-inch tape is made by 
Exedit. Circle 64 on Reader 
Service Card. 



We've shown this big Stephens before, 
but now you can have all forty tracks 
of it in a portable. Circle 51 on 
Reader Service Card. 




The Seqiierra tuner was being 
demonstrated as the ne-pliis-ultra f.m. 
receiver. Circle 76 on Reader 
Service Card. 



Ferrograph came up with a new 
machine featuring IOV2 inch reel 
capacity and Dolby-B. Circle 75 on 
Reader Service Card. 



The newest version of the Scully 
recorder is offered in several foniuits 
including '/i inch, four track. Circle 
54 on Reader Service Card. 




Pentagon makes this cartridge loadei 
as an accessory to its line of 
duplicators. Circle 63 on Reader 
Service Card. 



A surprise of the show was captured 
by ReVox with this new semi-pro 
>A-inch machine. Circle 55 on Reader 
Service Card. 



These ultra compliance drivers give 
the Bose 800 its particularly uncolored 
sound character. Circle 52 on Reader 
Service Card. 



There will be more new prod- 
ucts as seen at the AES Conven- 
tion in the December issue. 
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What you need is a console 
that works when you 
get it. 

That's the 

Von of S6Gron<l 



oudltronics, inc. 

p. O. Box 12637 
Memphis, Tenn. 38112 
(901) 276-6338 
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Complete Audio Distortion and 
Frequency Response 
.Automatically 




►METER Jgaj 
^HAGENHBi, 



Comprehensive distortion and frequency response measurements are 
easily performed wi:h ihe BKF10 Automatic Distortion Ahalyzer. 
This unique instrument combines a distortion meter, a low distortion 
audio sweep oscillator (<0.01% t.h.d.) and an input/outflut ratio 
meter. Operation is totally automatic. . . No balancing- nulling pr level 
setting is required. Addition of a recorder provides complete distortion 
and frequency respor«se curves. Send for complete information. 



IE LONDON COMPANY / 811 SHARON DRIVE / CLEVELAND, OHIO 44145 ^ (216) 871-8900 
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Norman H. Crowhurst 

THEORY AND PRACTICE 



• Over the years, my correspondence 
has brought me many examples show- 
ing the contraposition of credibility 
and authority. The curious thing is 
that many people mistake one for the 
other, and lose both! Let me illustrate 
from these experiences. 

The first time that I remember hav- 
ing the distinction brought to my at- 
tention was almost thirty years ago, 



soon after my second book was pub- 
lished. It was entitled Amplifiers and 
has long since been out of print. One 
thing it addressed was the proper use 
of load lines to estimate or calculate 
amplifier performance. 

About that time I gave a lecture at 
the Royal Society of Arts, in London, 
where the British Sound Recording 
Association met, on the design of pas- 



sive and active types of equalizers, all 
of which was pretty new at that time. 
In those days, most people considered 
themselves lucky to hear anything at 
all, and only the most advanced pur- 
ists were concerned about equalization. 

After the lecture, a young man 
came up to ask a question about 
something I had said in the lecture, 
about which he was sure I had made a 
misstatement. I noted a copy of my 
new book tucked in his outside jacket 
pocket, so assumed he knew I was the 
author. When I started to reiterate 
what I had said in the lecture, in a 
little more detail; he pulled my book 
from his pocket. 

He started to prove I must be 
wrong, because .on page so-and-so, this 
book said — and he proceeded to read 
it to me. Maybe my wording was not 
as well chosen as my later efforts, but 
he was misinterpreting one sentence, 
without reading on to get what qual- 
ified that statement in the next sen- 
ence. Because I remembered what I 
had written, I suggested he read the 
next sentence. 

Then he saw two things: one, that 
I had been correct in what I had said 
in my lecture; and two, that I was 
also the author of the book, a fact he 
had not connected until that moment. 
And what amused me at the time was 
the fact that he was prepared to ac- 
cept his misinterpretation of what I 
had said in print more readily than 
his misinterpretation of my spoken 
word. In my mind, I dubbed that, 
"the authority of the printed word," 
and it certainly does influence many 
people. If something is in print, it 
must be true. 

Later, I ran into more instances of 
similar things. Long before I started 
writing this column, my technical ar- 
ticles had often attempted to resolve 
contradictions and misunderstandings. 
I remember several in which I tried to 
straighten out a popular misconcep- 
tion about cathode followers. 

Some textbooks quite correctly 
showed this circuit functioning as an 
impedance changer. What they usually 
did not show was that the peak output 
signal current could not exceed the 
standing plate current of the tube. 
Nowadays, a similar property inheres 
in an emitter follower, and again, the 
peak signal current cannot exceed the 
standing collector-emitter current of 
the transistor. 

But in those days, every time I 
wrote such an article — and in one of 
them, I suggested the reader set up 
the circuit and measure the results for 
himself — one particular reader would 
write in and contradict me, on the 
authority of a certain textbook, widely 
used in technical college courses of 
those days. 



new pocket sized 
professional sound ievel meter 

fOrUPrienSlOO 




The new Scott 451 C sound level meter 
is the first truly professional instrument 
that fits in your pocket and costs only 
pocket money. 

It gives instant readings at the touch of 
a button to ANSI type S3C accuracy 
with industry standard "C" weighting 
for flat response. Its range of 45 to 
130dB SPL lets you check ambient 
background levels as well as the sig- 
nals of interest. It measures the com- 
plete range of sounds likely to be en- 
countered by the audio engineer or the 
advanced audiophile. 

It's got a handsome, rugged all metal 
case and a big meter face that's easy 
to read. It's also a lot of fun to use. Its 
battery lasts all year. It lasts indefinitely 
and it's fully guaranteed for two years. 
It costs only $98.00. It's available from 
distributors whose names we'll send 
you with full product specifications. 

Scott 
Instrument 
laboratories 

Division of Eastern Air Devices 

30 Cross Street 
Cambridge, MA 02139 
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Of course, he was misquoting the 
textbook, or at least quoting it out of 
context, and he persistently refused, 
apparently, to set the thing up and 
check it out. To him, the textbook 
said the opposite of what I said and 
the textbook must be right! 

When we first came to this country, 
I secured a job as chief engineer of a 
well-respcctcd company in the audio 
field, where I had several engineers 
working with me. Two of these were 
freshly graduated from college. Since 
I had held a similar position in my 
native England, the difference be- 
tween the preparation these two had 
received and what I could have ex- 
pected of their counterparts in Eng- 
land was quite noticeable. But I said 
nothing. 

When I assigned them a simple 
measurement project, they did not 
have the faintest notion where to start. 
Under these circumstances, the usual 
procedure would be to lay out instruc- 
tions for them in a,b,c fashion, and 
then leave them to it. But I realized 
from my teaching experience that it 
would be quicker in the long run to 
take a little time training them to 
think things through for themselves so 
they could use their own initiative 
after a bit. 

So I would ask them just what they 
had to measure, how to isolate the 
variables, and so forth, until they 
could figure this all out for themselves, 
without any help. Thus it was that 
one of them came to me, after less 
than six months of this work, and told 
me he had learned a zillion times as 
much about engineering by working 
with me these few months than he 
had learned from his degree course in 
engineering at a university whose 
name I will not repeat. 

In the years that followed that in- 
cident, in a great variety of ways, I 
have encountered the same complaint 
relative to virtually every college that 
provides what the catalog advertises 
as an engineering education. Some are 
obviously worse than others and there 
are a few good professors scattered 
around from whom an engineer here 
and an engineer there gets a really 
good start. But the whole situation 
rather disgusted me. 

So I set about finding out what was 
wrong. When I talked to people at 
colleges and universities, the profes- 
sors complained that they knew what 
I meant, but they were really doing 
the best they could with the poor "ma- 
terial" (meaning students) that came 
to them from high schools. I will not 
take space here to detail my studies, 
back down to kindergarten level and 
back up again, trying to pin down 
where the bad things happen. 

Of course, as my more recent anal- 
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yses have shown, the error is not con- 
fined to any one level, but to certain 
systemic problems that have made the 
whole of what passes for education in 
our country today a pretty useless 
effort. And one that is getting more 
so with each passing generation. And 
my writings about the matter, in this 
column and elsewhere, have been get- 
ting attention and not a little agree- 
ment, if rather little action, as yet. 

In fact, I was beginning to think 
that my accumulating grey hairs must 
account for the fact that I no longer 
get letters from readers anxious to 



contradict me, but that everyone seems 
to confirm what I say, from different 
vantage points. Then I got one that 
really gave me a chuckle. For one 
thing, it reassured me that I do not 
have that many grey hairs yet. But it 
was the irony of it that made me 
chuckle. 

You see, it came on the notepaper 
of the university whose name I did 
not repeat a little earlier, from a pro- 
fessor who said he was interested in 
what I have to say but that he cannot 
agree with me Now wasn't that inter- 
esting and ironic? 
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To illustrate my point a little fur- 
ther, let me quote from my own col- 
umn, as it appeared in the July issue. 
There the following sentence ap- 
peared: 

The good teacher's capability can 
be summed up as knowing how learn- 
ing happens, in a variety of different 
human beings, and being competent at 
causing it to happen. 

Some seem to think that says it 
pretty well, and straightforwardly. But 
you see, people who can read that 
sentence and get its simple meaning 
are not trammeled with an education 
in education. Any person who has re- 
ceived an education in education will 
see certain unstated synonyms in that 
sentence, that the rest of us do not 
see. 

First, "knowing how learning hap- 
pens" is kindergarten language for Ed- 
ucational Technology. Next, "in a 
variety of different human beings" 
translates to Comparative Psychology, 
and finally, "being competent at caus- 
ing it to happen," translates to Moti- 
vation. So let us see how a trained 
educator would read that sentence: 

The expertise a good teacher needs 
can be obtained from courses in edu- 
cational technology, comparative psy- 
chology and motivation. 

No kidding — was that what I said? 
Most educators would insist it was, 
till they were blue in the face! But 
let me point up, if I can, the differ- 
ences that I see. 

I thought I was saying how you 
would recognize a good teacher, 
should you ever see one. Before any- 
one rises to that, let me say that I 
know there are some, because I have 
met them, but such a misinterpretation 
is apt to make me a little salty! And I 
can assure you there is no guarantee 
that a student teacher, sitting through 
the three courses named, would end 
up as a good teacher. If there was, we 
would have no problems. 

We could enumerate the kind of 
content you would find in courses on 
educational technology and compara- 
tive psychology, but I can assure you 
that it would have little bearing on 
helping a teacher to become compe- 
tent at causing learning to happen. 

But most interesting to me is how 
educators think of motivation. Usu- 
ally that is in the counselor's baili- 
wick. Johnny is not motivated too well. 
So the counselor sees him. "What do 
you want to be when you get out of 
school, Johnny?" 

Resisting the temptation to say some- 
thing like, "One of Hell's Angels," 
maybe Johnny says that his Dad wants 
him to become an engineer. 

So the counselor goes over to the 
rows of filing cabinets and selects the 



drawer with an E on the front. Masses 
of brochures from engineering schools 
show that their prerequisites include 
various amounts of math and other 
subjects in which Johnny is not doing 
too well. "So you'd better work on 
those subjects, Johnny," concludes the 
counselor. 

That is the educator's notion of 
motivation! 

Frankly, I do not believe that 
would have motivated me in my own 
school days. And I doubt whether it 
would have motivated Thomas Edison, 
Alex Bell, Albert Einstein, or any of 
the men who have contributed signifi- 
cantly to human advancement. If we 
had had the benefit of that kind of 
motivation a few decades ago, we 
would never have had electric light, 
the telephone, or a great many other 
modem devices and conveniences we 
take for granted today. 

What motivated them was curiosity 
— the simple desire to find out about 
things. But these educators stifle that. 
Students may only find out what they 
are programmed to learn. And all that 
gobbledygook that mathematics edu- 
cators stuff into "new math" textbooks 
would give anybody mathematical in- 
digestion! Not to mention other pieces 
of the fragmented curriculum struc- 
ture. ■ 
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Balanced and 
Unbalanced Lines 

What are the relative values of using each method? Are 
transformers the answer^ or are alternatives appearing on 
the horizon? The author answers these, and other questions. 



I BELIEVE that all simple solutions are ingenious. No 
exception was the discovery of the balanced line, or 
principle of balancing electrically a circuit in order to 
cancel or eliminate an unwanted signal. There has 
never been another solution which could improve upon 
this method of handling the problem. 

The problem of interference first arose many years 
ago when it became necessary to find a means of making 
a transmission line impervious to outside interference, such 
as lightning discharge, high voltage line interference, or 
radio-frequency noises. At that time our airway, our 
inner space, was not electronically polluted. There were no 
large electro-generating plants, no radio or t.v. stations, 
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Figure 1. An unbalanced line. (A) is ihe 
physical representation and (B) the 
schematic one. 
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no radar sites, no electric shavers or toothbrushes, pocket 
calculators or satellites. If in those days someone had a 
field strength meter and wanted to test it, he would have 
been out of luck; his meter would have read zero. 

This doesn't mean that Mother Nature didn't know 
about electricity. Far from it. The human body, for ex- 
ample, is the most complicated electronic machine imag- 
inable. Small electrical impulses are circulated through 
our bodies and coordinated by the world's most sophisti- 
cated computer with its gigantic memory bank^ — the brain. 
Our world has been designed harmoniously, intended as 
a beautiful, clean, utilitarian creation where everything has 
its place and order. But man, with his interference, which 
he calls progress, has distorted this natural design. And 
this leads us, in our need to repair our own meddling, to 
our principle of balanced lines and how they are used. 

Let us look at the principles of power transmission first, 
following with a review of balanced and unbalanced lines. 
Don't let the term power throw you; theoretically, trans- 
mission of any sort of signal involves power. Radio and 
light waves carry power. If this were not so, we wouldn't 
be able to see the light or to receive radio transmissions. 

There has to be a closed loop to achieve a transmission 
of power. In a flashlight, two wires are needed to light 
the bulb. The same requirements hold true for telephone 
lines. Sometimes in military applications single wire is 
used for a telephone network, but the return path to com- 
plete the electrical loop is through the ground. (See Fig- 
ure I for illustration.) A single wire transmission line, 
with the ground as a return path, is a great antenna for 
picking up radio waves. This single wire picks up random 
electrical fields surrounding it and mixes them with the 
original signal being sent through the line, thereby causing 
interference. Since one side of such a line is the ground 
potential and the other is hot, we call such lines unbal- 
anced. (See Figure 1.) 

In order to isolate such a line from external interfer- 
ences, shielding techniques as shown in Figure 2 are used. 
The shield usually consists of a metal jacket over the hot 
lead in the form of thin foil or wire braid. Adequate in- 
sulation, depending on the application, is used between 
the wire and the shield. In this case, the determining 
factors are the voltage breakdown point and the wire-to- 
shield capacitance. The shield is usually tied to the ground 
in one or several places, providing a short circuit to the 
ground for all external fields which normally would be 
picked up by the wire. In the rf applications where inter- 
ference signals may be of very high frequency, long un- 
grounded shields may present a high enough impedance 
at those frequencies and may create sufficient voltage 
drop across its ungrounded portion to be ineffective. That 



is why in some older types of radio mixing boards or audio 
systems all shields are left exposed and are tied into one 
solid bundle or cable with grounding points all along its 
length. 

But unbalanced lines and the aforementioned shields 
cannot stop magnetic fields from being induced into the 
line. Magnetic shielding can be used, but it is not prac- 
tical, not only from the standpoint of cost, but also be- 
cause of the weight and space required, not to mention 
the added difficulty of handling the wire. 

Speaking of shields, think of all the wire used for 
telephone networks. Millions of miles of thinnest wires 
are being used today, taking too much space and costing 
a fortune. Since there are no simple ways to completely 
shield and protect unbalanced lines from all types of in- 
terference — accomplishing transmission of low level signals 
economically over long distances — a method of balancing 
the line was invented. Needless to say, a shining example 
of a user of balancing technique is the telephone com- 
pany, where all standard short and medium range trans- 
mission lines using wire (some lines are connected by 
micro-links) are balanced. 

In order to balance the line, both sides are adjusted to 
carry identical, but opposite-in-sign electrical information 
with respect to the ground. In other words, we can say the 
signal in both wires are 180 degrees out of phase and 
equal in amplitude to each other. The easiest method of 
balancing the line is to use balancing transformers at each 
side of the line, as shown in Figure 3. 

Transformer windings are usually made with center 
taps, which are grounded at each end of the line. Wires or 
conductors of such balanced lines are usually kepi close 
to each other. You can notice them in modem cables as 
a pair of twisted wires. In older types of installation on 
telephone poles, both wires ran parallel to each other. 

The idea behind the balancing is that any external field 
produces the identical interference in two wires, and 
with identical strength (amplitude) and phase. Since the 
balancing transformer on the receiving end would only 
allow signals from both lines which are opposite in phase 
to pass, it would reject all signals appearing with identical 
phase in both sides of the line. This brings us to a very 
important condition in balancing the line — the electrical 
symmetry with which the balancing transformer has been 
manufactured. It should be obvious that if both halves 
of the transformer windings are not identical, the differ- 
ence in signal strengths produced across both halves of the 
winding will be added to the original signal being trans- 
mitted, as an interference signal. 

In order to make a correct decision when to use bal- 
anced and when to use unbalanced lines, let us look into 
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Figure 2. Shielded wire can be used in 
differing ways as a carrier of 
unbalanced audio. At (A) a single 
shielded wire Is shown, while at (B) 
a double conductor shielded wire 
is shown. 
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Figure 3. Balancing a line using transformers at each end. 



the advantages and disadvantages of each. 

Balanced lines are obviously less sensitive to external 
interference but require transformers which are costly, 
bulky, and can also pick up external magnetic fields them- 
selves. Unbalanced lines are more susceptible to noise 
pickup, but are more economical to use over shorter dis- 
tances, even if you have to use shielded wire. Much more 
care needs to be exercised, in using unbalanced lines, to 
relating the two pieces of equipment so as not to create 
ground loops. (Let's not leave anyone baffled by the term 
ground loop. It is a condition that occurs when the ground 
wire interconnecting two devices, amplifiers, or systems 
has a current flowing through it.) This current comes 
from dissimilar ground potentials caused by poor ground- 
ing of the equipment in the first place. The differential 
current is superimposed on the signal traveling through 
the unbalanced line — one side of which is a ground wire — 
causing interference. If this parasitic current is pure d.c, 
it will have no adverse effects on most audio circuits, but 
if it is of audio frequency, it will be most undesirable. 
(For instance, 60 or 120 Hz.) 

The advantages of balanced lines are overwhelming for 
long transmission hauls because they don't require shield- 
ing. In the old pole-to-pole system, the interwire capaci- 
tance, as well as the capacitance of the line to ground 
was low, but in modern cables it is high and requires fre- 
quent signal boosting along the route — ^which incidentally 
achieves better balance. Transformers have been a domi- 
nant component in balancing lines, although they have 
limitations in power handling capability and are deficient 
in frequency response, noise distortion minimizing, and 
phase control. Because of interwire capacitance, copper 
losses, inductance of the lines and quality of the trans- 
formers and transducers used, it has been found that we 
cannot expect telephone line response to extend below 
300 Hz and above 3,000 OHz. 

Although unbalanced lines are impractical over long 
distances, they are very convenient and economical for 
use in compact systems where they don't impose limita- 
tions such as those found in balanced lines. It is desirable 
to do without transformers in these instances, even if 
transistors have to be called upon to perform functions 
ordinarily served by transformers. This is because of fac- 
tors such as reversal of phase, voltage amplification, im- 
pedance matching, signal mixing distribution, and even 
balancing and unbalancing. In some instances, it might be 
simpler to use a transformer for the task of reversing a 
phase than using a phase reversing amplifier with power 
supply and all the trimmings. But if you are planning a 
system, it may be simpler to make an effort to design the 
transformer out of it. 

In making a decision as to which type of line to use, 
consider the length of it as well as the signal strength 
expected to be present. You should develop an arbitrary 
set of your own rules, guided by the design parameters you 
have to meet and the available technology. If microphone 
lines are involved, consider only balanced lines and using 
a transformer. You not only want to provide good balance 
and isolation, but more and more mics today are phantom 
powering, which means that the primary of the mic input 
transformer carries the potential for the microphone am- 
plifier. The reason I said potential is because there is no 
current through the primary, since it is balanced and current 



through both sides of the line is not being transmitted to 
the secondary of the transformer. The reason for this is 
that it is d.c. and that there is a cancellation of currents 
in the primary. The only place where I would dare to use 
an unbalanced microphone line is in the talkback circuit, 
where the amplifier may be only inches away from the mic 
and the quality of the signal is not critical. In the case 
of patch bays, where you may be called upon to bter- 
connect systems with unknown grounds and phases, there 
is only one sure way — balanced lines throughout. 

As I have mentioned, the trend today is to get away 
from transformers because of many reasons. One of these 
is the rapidly increasing miniaturization of equipment. 
This has been lagging in the technology of transformer 
design, which has not kept pace with the developments in 
the solid state semi-conductor field. Ways have to be 
found to replace big bulky transformers with tiny chips 
that will do the job many times better than the hunks of 
iron and wire we now have. Already, circuits have been 
designed which replace inductors completely. Although in 
some instances today we say that the transformer is an 
ultimate element of the component, the day may come 
when the last lamination will be discarded and only pow- 
dered iron miniature laminations may remain. 

Another instance of bypassing bulk for miniaturization 
is evident in the practice of substituting switches for un- 
wieldy patch bays. One of the major t.v. networks is con- 
verting their master grid, consisting of a couple of dozen 
racks full of patch field, to several racks full of solid-state 
switches combining rf and audio signals by means of mul- 
tiplexing them on the common high frequency carrier, 
then delegating them, distributing them, and separating 
them again. Analog-to-digital conversion, like a contagious 
disease, has spread over all the facets of the electronic 
field, affecting not only the technological side of our lives, 
but the traditional ways in which we used to do things! 

Getting back to transformers for a second — I think the 
reason why we feel it is time for the obsolescence of the 
transformer as we now know it is because it is still essen- 
tially the same as it was back in the 1930's. There have 
been no successful modernizations of the transformer prin- 
ciple except for improvements in winding and assembly. 
This produced some reduction in size and upgrading in 
performance. Frankly, the transformer works great for 
the function it has been designed to serve. But it has to 
convert electrical current into a magnetic field and then 
back to an electrical current of different voltage. Solid- 
state devices don't have to do this. The advent of opera- 
tional amplifiers has provided a new outlet for the imagi- 
nation of electronic engineers, who can develop circuits 
offering balanced feed and input, which could be nulled 
for perfect balance at a fraction of the cost of a trans- 
former. One disadvantage of transformers — ^which actually 
appears as an advantage to a majority of audio engineers 
— is that because they are imperfect in their transfer char- 
acteristics, they act as filters, cutting off the extremes of 
the audio spectrum. This property of the transformer still 
makes it attractive. I suppose there's a nostalgic element 
here; engineers identify the passing of the transformer 
with the loss of something familiar, like the phasing out 
of the horse and carriage. But judging by the speed of 
technological development, the disappearance of the trans- 
former may come before we know it. ■ 
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Transformers 

Here, you will find out what transformers are and what they 
do. And you will discover how one manufacturer designs 
and tests their transformers. 



AN interesting approach to transformer operation 
is to start with a generator driving an ideal iron- 
core inductance. An ideal inductance has two 
_ important characteristics. First, the coefficient of 
coupling is unity. This means the magnetic flux due to the 
electrical current is totally linked to all the turns through 
the magnetic core material. In a real inductance there is 
less than 100 per cent flux linkage. Second, in the ideal 
inductance, it takes zero current to magnetize the core. 
In all but ideal conductances, it takes some small amount 
of current to magnetize the core. As expected, the gen- 
erator will see an inductive load, see Figure 1(A). By 
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connecting the generator from the center tap to one end, 
and a resistor from the center tap to the other end, see 
Figure 1(B), we convert the iductance to a transformer. 
The inductive current in each half of the inductance is 
out of phase and cancelled. The generator will see a purely 
resistive load if the coupling coefficient is unity and an 
ideal core material is used. Later on we shall see the 
effect of less than unity coupling and a less than ideal 
core material. The electrical connection at the center tap 
need not be made, see Figure 1(C), leaving only the 
magnetic coupling between the two windings. Figure 
1(D) shows the transformer in its more conventional rep- 
resentation. 

IMPEDANCE, VOLTAGE, AND CURRENT 
TRANSFORMATION 

Transformers in audio signal circuits are used for a variety 
of purposes, including isolation, impedance matching, volt- 
age transformation, and current transformation. Voltage, 
current, and impedance changes are a function of the turns 
ratio, but in all cases the power in the primary circuit 
equals the power in the secondary. We therefore have the 
well known transformer equations: 



INDUCTIVE LOAD 



RESISTIVE LOAD 



GENERATOR 



CENTER ! 
TAP 



IDEAL 
IRON- CORE 
INDUCTANCE 



(A) 



(C) 



CT 



(B) 



(D) 



Figure 1. An ideal Iron-core inductance connected as a 
transformer. At (A) a generator driving an inductive load is 
seen. (B) shows a generator driving a resistive load. 
At (C) the electrical connection Is eliminated, while at (D) a 
conventional transformer representation is shown. 



FI =P =P =F1 



P — Power 

N = Turns ! 

E = Voltage 

subscriptp = primary 
subscripts — secondary 



I = Current 
I = Impedance 



These equations are set down in the form of a nomograph 
(Figure 2) which can be used more easily to determine 
the ratios of primary to secondary turns, impedance, volt- 
age, and current. TTie current and voltage ratios are ex- 
pressed in dB. Very often a transformer or circuit speci- 
fication will only list one of these items, but with the 
nomograph of Figure 2 we can determine the remaining 
primary and secondary relationships. Take the case of a 
transformer used to match a 150-ohm line (primary) to 
a 600-ohm line. The impedance ratio is 4:1. We enter the 
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Figure 2. A transformer nomograph. 
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TRANSFORMER 




(C) (D) 



Figure 3. At (A) a simplified equivalent transformer circuit 
is shown, (B) is a low-frequency equivalent circuit, (C) a 
high-frequency equivalent circuit, and (D) is an efficiency 
equivalent circuit. 



nomograph at the right hand side, where the impedance 
ratios are shown, at the indicated ratio of 4. Going to 
the left on that horizontal line, we intersect the voltage 
ratio scale at 6 dB — which is the voltage gain and also 
the current loss in the secondary. To find the turns ratio 
we note where the horizontal 4:1 impedance line intersects 
the sloping line; we then drop down vertically from that 
point to the turns-ratio scale at the bottom of the nomo- 
graph. Wc intersect this scale at 2, so that we know the 
turns ratio is 2:1. The secondary has the larger number 
of turns since it is a step-up transformer. 

As a second example, we can start with a known pri- 
mary to secondary voltage gain of 10 dB. We enter the 
nomograph on the left hand side at 10 dB, and going 
to the right on that horizontal line, we intersect the im- 
pedance ratio scale at 10, which means that the secondary 
impedance is ten times that of the primary. The turns 
ratio is found as in the first example and is slightly less 
than 3.2:1 (actually 3.17:1). The nomograph can also be 
used to convert voltage or current ratios into the dB 
equivalent. 

TRANSFORMER FREQUENCY RESPONSE 

Up to this point, we have assumed a perfect transformer. 
Since the perfect transformer does not exist, we have to 
consider how the actual transformer deviates from the 
ideal, and how this affects the circuits in which we employ 
it. The simplified equivalent circuit of an actual trans- 
former with a 1:1 turns ratio is shown in Figure 3(A). 
Resistors R,, and R^ represent the d.c. resistance of the 
primary and secondary winding, respectively. Ln, is a shunt 
inductance which is present due to the magnetizing cur- 
rent, i.e. that current which is required to produce flux 
in the core. This small amount of current needed to mag- 
netize the core is 90 degrees out of phase with the load 
current, which is why it appears as a shunt inductance. 
The smaller the magnetizing current, the higher the value 
of L,„. L„, or leakage reactance, is there because the 
coupling coefficient is less than unity, and represents the 
imperfect cancellation of inductive currents discussed 
above in reference to Figure 1(B). is in series with 
the load current. The shunt capacitance Cg represents the 
stray capacity existing between the windings. The quan- 
tities R,„ R„ L,,,, and Q, in conjunction with the source 
and load impedance, determine the band width of the 
transformer. 




(B) 



Figure 4. (A) The output waveform below maximum power 
capability is shown while at (B) we see the output waveform 
when the core is saturated. 



LOW FREQUENCY 

If we consider the low frequency end of the band, we 
can further simplify the circuit by eliminating L,, whose 
series reactance at these frequencies is negligible, and Cg, 
whose shunt reactance at these frequencies is very high. 
If we lump Rp and R^ with the generator and load re- 
sistance respectively, we have the circuit shown in Figure 
3(B). The low frequency limit of the transformer response 
is determined by the following formula: 

Fj,p is the low frequency cut off where the response 
is the 3 dB down. At frequencies below the 3 dB point, 
the response rolls off at 6 dB per octave. As the generator 
or load impedance is increased, the low-frequency cutoff 
will increase and the low frequency response will be at- 
tenuated further. 

If the transformer is to go down to very low frequencies 
with a given source and load impedance, then the core 
material must require as little magnetizing current as 
possible, which is equivalent to increasing L^,. The larger 
L,„, the lower the low frequency cut off. 

HIGH FREQUENCY 

At high frequencies, the reactance of is large and we 
can ignore it in the transformer high frequency equivalent 
circuit. We also make the simplifying assumption that Cg 
is small enough to ignore so that we arrive at the high 
frequency equivalent circuit of Figure 3(C). The high 
frequency limit of the transformer is determined by the 
following formula: 

_ Rf;-HR, + Rp+Rr. 



F||, is the high frequency cutoff and the response is 3 dB 
down at this point. At frequencies above the 3 dB down- 
point, the response rolls off at 6 dB per octave. In this 
circuit, as the generator or load impedance decreases, the 
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Figure 5. The transformer test setup as 
used at United Transformer Company. 
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high frequency cutoff will decrease and the high frequency 
response will be attenuated further. 

TRANSFORMER EFFICIENCY 

The effect of the primary and secondary d.c. resistance is 
to lower the transformer efficiency. Figure 3(D) shows 
the equivalent circuit as it relates to input /output efficiency 
in the midband. Part of the power intended for the load is 
dissipated in resistors Rp and Rg. When source or load 
impedance is below the rated value, efficiency will drop. 
Engineers at the United Transformer Company (UTC), 
one of the leading manufacturers of transformers, ex- 
plained to me during a visit there that typical losses in 
a well designed transformer amount to about 1 to IV^ dB 
— or we can say that transformer efficiency is about 90 
to 85 per cent. UTC design engineers stated that it is well 
within the state-of-the-art to build transformers with high- 
er efficiencies, but that size and other economies dictate 
a compromise design with moderate losses. 

MAXIMUM POWER AND DISTORTION 

An important limitation on transformer operation is the 
allowable maximum power level. Figure 4(A) shows the 
output waveforms of an audio transformer in the mid- 
band at a level below its maximum capability. When the 
power level of the transformer is exceeded, the core will 
saturate (the change in flux is not directly proportional to 
changes in current) and cause distortion. For a given 
power level, the flux density increases proportionally as 
the frequency decreases, so that core saturation is more 
of a problem at the low end of the transformer pass 
band. Figure 4(B) shows the output waveform of the 
same transformer when the core is driven into saturation, 
and severe waveform distortion is evident. Therefore, as 
power level requirements increase, the amount of core 
material must increase. Very small transformers can only 
handle moderate power levels, while larger transformers 
generally are capable of larger power handling capacities. 

TRANSFORMER TESTING 

At UTC, a standard laboratory transformer test setup is 
maintained to check the quality of production items and 
to evaluate new designs. A block diagram of this test setup, 
which is used to measure response and distortion, is shown 
in Figure 5. An oscillator is the signal source, and the 
40-watt amplifier provides power gain. The matching trans- 
former is also used as a d.c. return path for the power 
supply which is available for those transformers operating 
with unbalanced d.c. A variable resistor provides the cor- 
rect source impedance. Output measuring devices include 
an oscilloscope, a distortion meter, and vtvm. 

A well designed transformer, that is, one designed with 
a sufficiently wide frequency range, operated below core 
saturation and properly shielded from hum pick-up, will 
provide smooth frequency response (equivalent to a high 
quality amplifier) and extremely low distortion. 
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VOLTAGE LOSS = 40 dB 
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Figure 6. Impedance matching. At (A) a resistive network, 
and at (B) a transformer. 
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Figure 7. A transformer used for isolation. 

EXAMPLES OF TRANSFORMER CIRCUIT 
APPLICATIONS 

Gain. One of the most common uses of transformers is 
to step up voltage in a circuit. For example, some types 
of microphones have low output voltage and low output 
impedance. By using a step-up transformer, one having a 
primary-to-secondary turns ratio of 3.17:1, we can provide 
a 10 dB voltage gain. The secondary impedance will in- 
crease to ten times that of the primary impedance. 

Impedance Transformation. Very often we wish to go 
from a high impedance circuit to a low impedance circuit. 
A transformer will accomplish this with the minimum 
possible loss. If we want to reduce the output impedance 
of the circuit shown in Figure 6(A) from 100 k to 1 k 
by means of a resistance network, the ouput voltage will 
be 40 dB down from the generator voltage. If we use a 
transformer with a primary-to-secondary turns ratio of 
10:1 to change the impedance, then the output voltage 
will be down only 20 dB from the generator voltage (Fig- 
ure 6(B)). By using a transformer for impedance trans- 
formation, we provide minimum voltage loss, and actually 
no power loss, at the low impedance output terminals. 

Isolation. If we wish to isolate a circuit or a transmission 
line from ground, then the transformer, because it em- 
ploys magnetic coupling, is an excellent choice. In the 
circuit of Figure 7 we have a signal source with respect 
to ground. If we wish to eliminate the ground reference, 
then a 1 : 1 isolation transformer is used. If we wish to pro- 
vide a source which is balanced with respect to ground, 
then we can ground the center tap of the secondary. ■ 



www.americanradiohistorv.com 



STEVEN F. TEMMER 



Wide-Band Subminiature 
Audio Transformers 

A great deal of attention must always be paid to each element 
that goes into the makeup of a transformer. But when 
miniaturization is demanded extra attention must be achieved. 
This article explains the manufacturing steps used by Beyer 
to achieve quality and small size. 



TRANSFORMERS havc been used for many years as 
coupling devices between the stages of amplifiers. 
Their unique properties make them amenable to a 
great variety of uses and some interesting designs 
have evolved. The increase in transformer utilization has 
inspired new developments in soft-magnetic material tech- 
nology and refinements in the manufacture of wire. This 
has improved transformer performance, but the increased 
complexities of situations where transformers are used 
has led to the necessity of new designs, especially min- 
iaturization. 



Steven F. Temmer is president of Gotham Audio Cor- 
poration. 
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Figure 1. Two sizes of lamination stacks showing the 
unbroken frames. 



This has required ingenuity, especially in dealing with 
laminated core construction, which is used in transformer 
production because it represents a practical and econom- 
ical method of manufacture, especially if a wasteless core 
stamping method is used. The conventional method used 
for assembling the laminated core, however, results in 
a splitting of the magnetic circuit, which in turn makes it 
impossible to increase further the effective permeability of 
the core — the permeability converges toward a certain 
limit, thus determining the inductivity constant of the 
iron core. 

There are three possible ways of overcoming this and 
improving the inductivity: enlarging the cross-section of 
the core, shortening the magnetic circuit, or increasing 
the cross-section of the coil. But, since these factors are 
inversely related to each other, the solution must be found 
in a compromise. Logically, the ultimate method would be 
to increase the number of turns combined with a decrease 
of the wire gauge. This, however, entails an increase in 
the insertion loss, which cannot be tolerated beyond a 
certain limit when involving input transformers between 
the microphone and the first transistor. In addition, the 
increased capacitance of the coils reduces the high fre- 
quency response, thus setting a limit for the turns ratio. 

All these considerations have led to a completely new 



Figure 2. The coil forms have been glued together on the 
lamination stacks. 
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concept in the production of studio quality miniature 
transformers at Beyer. Permeability was the critical fac- 
tor. As pointed out above, the permeability of the core 
cannot be increased with split cores, even if the permea- 
bility of the material itself were to be increased. TTie only 
remaining possibility would be a gapless core circuit. The 
use of a gapless ring in toroidal transformers Is nothing 
new, but in view of the difficulties encountered in winding 
such transformers, economic reasons mitigated against 
their use. 

In these miniaturized transformers, the conventional 
laminated core has been retained but now it consists 
of gapless individual laminations only. We just stamp two 
windows into each lamination to make space for the coil. 
These laminations are stacked to form a core with a 
square cross-piece. Around this cross-piece we glue to- 
gether two halves of an injection-molded plastic bobbin, 
forming a complete bobbin onto which the wire is wound. 
The wire ends come out of the coil on one side without 
reinforcements and are then soldered to leads which are 
threaded through the space remaining betwen the circular 
bobbin and the square core cross-piece. A special plastic 
wedge prevents the leads from accidentally being pulled 
out. Finally, the transformer is impregnated and enclosed 
in two mu-metal cups. 

The specifications achieved with this system are quite 
impressive. By using laminations 16 mm long by 11 mm 
wide to form a core cross-section 4 mm by 3 mm and 
17,000 turns of 25 litn wire on the bobbin, an inductance 
of 4,000 H can be obtained. If this is divided into a 
primary and a secondary winding, it is most eminently 
suitable for use as a microphone input transformer. With 
a turns ratio of 1:15, it has a primary inductance of 5 H, 
and a frequency response from 30 to 15,000 Hz with a 
maximum deviation of —0.5 dB at the extremes of the 
curve. In production, the measured values are around 
—0.3 dB. The dimensions of the whole transformer, com- 
plete with mu-metal casing, are only 16 mm in diameter 
by 20 mm high. (0.65 inches x 0.8 inches.) 

Here is a second example to further illustrate the qual- 
ity achieved. A transformer was made for a 600 ohm line 
with a maximum input voltage of 8.8 volts (-1-21 dB) 
and a frequency range of 30 to 1 5,000 Hz. To keep mag- 
netic induction low, the inductance was brought to a max- 
imum. Thus, the input inductance was 1,500 H and the 
required standards of -0.5 dB at the extremes of the 
frequency response range were maintained. The turns ratio 
was 1:1 and the outside dimensions again were 16 mm 
diameter by 20 mm high. Additionally, these transformers 
were imbedded in silicone rubber within their mu-metal 
cases to make them shock and climate proof. 

A similar design with a turns ratio of 1:1 was made 
to serve as an isolation transformer to be used as a 
d.c.-free coupling between a.c./d.c. television sets and 
tape recorders. In this case, a high insulation value was 
imperative. By means of a vacuum-impregnating process, 
a rating of 2,000 V was obtained. 

These two are only random examples of the application 
of this principle; Beyer employs this unique design in the 
manufacture of hundreds of transformers to meet the indi- 
vidual requirements of original equipment manufacturers. 
In the course of further development, we have been suc- 
cessful in making a still smaller transformer than the one 
described above. This unit, whose laminations measure 
only 9.5 mm in length and 7 mm in diameter, represents, 
most likely, the smallest mass-produced transformer in the 
world. 

The bobbin measures 7 mm (outside diameter) while 
the dimensions of the core cross-piece are 2 x 2 mm^ 
(80 mil X 80 mil). With these sub-miniature transformers 
it is possible to attain a turns ratio of 1:20 and a f re- 
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Figure 3. The winding process is shown. The laminations are 
held stationary while the coil form is friction driven by 
the rubber wheel at the bottom. The wire comes from the 
back of the winding machine. 



quency response with a loss of three dB at 35 Hz and 
only one dB at 20,000 Hz. Because of its small dimen- 
sions, (its mu-metal case is 12 mm long and 10 mm in 
diameter) this transformer can be built into the shell of a 
connector. In keeping with the prevailing cost-saving tech- 
nique of designing preamplifiers with high impedance 
inputs, it is possible to produce a dynamic microphone 
which has this transformer built into the end of the cable. 
This results in optimum frequency response combined with 
the absence of induced interference. The transformer is 
wound with lacquered copper wire with a diameter of 
20 Aim, or 0.0008 inch. This represents, at least for the 
present, the practical limit for economical production 
while maintaining the required specifications. Theoretically, 
using this winding process, it would be possible to employ 
15 lim (0.0006 inch) or even 10 (0.0004 inch) wire. 

The production methods used in making a transformer 
of such unique design are, naturally, unconventional. 
The stamping of the core laminations is done quite simply. 
The strips for making the laminations are supplied by the 
manufacturer in the desired width, under the trade mark 
Hyperm 900. Only two windows have to be stamped out 
and proper lengths cut. All this is done by means of a 
fully automatic stamping tool, which minimizes waste. 
The laminations are manufactured of either 0.35 or 0.2 
mm high-alloy metal with 78 per cent nickel content. 
Special care is taken to assure that the sheets are even 
and free of burrs. 

After being washed and stacked in special containers, 
the stamped laminations undergo a heat treatment which 
varies with the specific metal charge in order to obtain 
the maximum permeability of the material and the core. 
Present techniques have made possible permeability figures 
of about 50.000, measured at 50 Hz, in material with an 
initial permeability of 0.3979 A/m. Since the frequency 
limitation of the laminations is relatively small, higher 
values are achieved at 20 and 30 Hz. This is beneficial 
to the low frequency response of the completed trans- 
former: because its inductance varies with frequency, a 
reduction in inductive reactance results in a lowering of 
the specific resonant frequency of the transformer. This 
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Figure 4. The fully-wound transformer showing the leads 
soldered to the coil ends. 

is why the transformer is not evaluated by its inductance 
at 800 Hz. 

Following the heat treatment, the laminations are sorted 
according to their tolerance and glued together to form 
core-packs consisting of eight single laminations of 0.35 
mm each. Core laminations with such high permeability 
values need to be handled with utmost care and the lam- 
inating process must be carefully controlled to assure that 
no excessive tensions occur within the core material. After 
the two halves of the bobbin are glued together around 
the prepared core's cross-piece, the bobbin must be 
checked to see that it spins freely. The transformer is 
placed in a special vise on the coil winding machine and 
friction rollers spin the bobbin while the core remains 
stationary. The wires are threaded through lateral slots 
in the bobbin and a collar placed on the body of the 
bobbin to assure that the necessary distance from the 
corepack is maintained and to prevent the wire from being 
sheared off. The copper wire is fed from a supply spool 
located overhead, with constant wire tension within the 
limits prescribed for the particular wire maintained; since 
the supply spool need not be driven, breakage of the wire 
is avoided. Using this new winding process, ten to twenty 
thousand turns on the secondary side are not uncommon. A 
spot of lacquer keeps the ends from unravelling. The 
leads, which emerge very close together, are run out 
according to a specified plan to avoid any mixup. Because 
the leads are very short, special solfler containing copper 
must be used to minimize alloy formation on the hair-thin 
copper wires. 

Finally, the transformers designed for normal use are 
given a protective coat of lacquer, while an additional 
vacuum impregnation is given to those designed for higher 
safety requirements. The transformer is then installed in a 
double-walled, high quality mu-metal shell to protect it 

Figure 5. The transformer is inserted into a mumetal shielding 
can and the leads are brought out through the threaded 
stud at the bottom. 
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Figure 6. The models TR-145 (at the top) and the TR-710 
(below) fully assembled, and showing the relative size 
ot each. 

from interference caused by stray magnetic or a.c. fields 
to the extent of about 70 dB. This mu-metal case may 
have a threaded stud at one end (type BV-35) to permit 
single hole mounting with the wires threaded out through 
its center or solder lugs may be attached to each end, 
allowing installation like a condenser on a terminal board. 
This mounting is known as the BV-35L version. The entire 
unit may also be encased in injection-molded plastic with 
a seven-pin miniature tube header (BV-36) or a standard 
0.2 inch grid printed circuit header. (7-pin = BV-37; 8- 
pin=BV-38; 9-pin = BV-39) Most transformers sold to- 



day for o.e.m. applications are of the PC board mounting 
type. 

With low turns ratios of up to 1:15, these transformers 
will cover a frequency range of 20 Hz to about 20,000 
Hz. If the turns ratio is higher, the capacitance of the 
connecting elements — wire entry, leads, etc., and, to a 
small extent, the capacitance of the winding, will become 
effective. This is why, for the higher frequencies, the 
reactance of the transformer becomes capacitive. It must 
be borne in mind that, with a turns ratio of 1:30, the 
capacitance of the secondary side appears on the primary 
side mulitplied by a factor of 900; this may impose a 
considerable load on the source. 

Even though all the particulars regarding sub-miniature 
transformers have not been touched upon here, the design 
engineer will readily recognize the possibilities inherent 
in this unique method of transformer construction. There 
is still much room for the improvement of such character- 
istics as permeability, wire gauge, and manufacturing pre- 
cision. Some soft-magnetic materials are already available 
which may enable an even higher permeability of the core. 
A doubling of the present permeability value possible of 
50,000 Oe will allow an increase in the number of turns 
and, thereby, an improvement in low frequency response. 
Better methods of reducing mechanical strain in the core 
lamination process will permit the use of thinner material. 
This, in turn, will allow a further increase in the fre- 
quency range of the sheet metal. The use of ceramic ma- 
terials may also prove advantageous in the future. With the 
improvements already achieved and those contemplated, 
specifications, using miniature and sub-miniature trans- 
formers, will be expected in applications previously deemed 
impractical or impossible. ■ 
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20. The Audio Cyclopedia (2nd ed.)- Dr. 

Howard M. Tremaine. New and updated, 
here is the complete audio reference li- 
brary in a single volume. It provides the 
most comprehensive information on every 
aspect of the audio art. This new edition 
includes the latest audio developments in- 
cluding the most recent solid-state systems 
and Integrated circuits. It covers all sub- 
jects in the fields of acoustics, recording, 
and reproduction with more than 3400 re- 
lated topics. Each topic can be Instantly 
located by a unique index and reference 
system. More than 1600 Illustrations and 
schematics help make complicated topics 
masterpieces of clarity. 1760 pages; G'/i x 
9% hardbound. $29.95 



1. The Technique of the Sound Studio. 

Alec Nisbett. This is a handbook on radio 
and recording techniques, but the princi- 
ples described are equally applicable to 
film and television sound. 264 pages; 60 
diagrams; glossary; indexed; 5V4 x 8'/4; 
clothbound. $14.50 



7. Acoustical Tests and Measurements. 

Don Davis. Provides solid understanding 
of the entire subject of acoustical measure- 
ments; based on actual field test work, 
using commercial equipment. 192 pages; 
5'/4 X 8%; hardbound. $6.95 



8. Handbook of Electronic Tables & 
Formulas, (3rd edition). A one-stop source 
for all charts, tables, formulas, laws, sym- 
bols, and standards used in electronics. In- 
cludes an 8-page, full-color fold-out chart 
showing latest FCC allocations for the en- 
tire frequency spectrum. 232 pages; 5'A x 
8V4; hardbound. $5.50 
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offer books from prominent technical publishers. 
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24. Basic Electronic Instrument Handbook. 

Edited by Clyde F. Coombs, Jr. Hewlett- 
Packard Co. A basic reference background 
for all instruments. Offers saving in time 
and effort by having complete information 
in one volume on how to get the most bene- 
fit from available devices, how to buy the 
best instrument for specific needs. Reduces 
chances of costly errors. Ideal reference 
book, it is an excellent source for the be- 
ginner, technician, the non-electrical en- 
gineering man, or general non-engineering 
scientific and technical personnel. 800 
pages. Hardbound. $28.50 



25. Operational Amplifiers-Design and 
Applications. Burr-Brown Research Corp. 
A comprehensive new work devoted en- 
tirely to every aspect of selection, use, and 
design of op amps — from basic theory to 
specific applications. Circuit design tech- 
niques including i.e. op amps. Applica- 
tions cover linear and non-linear circuits, 
A/D conversion techniques, active filters, 
signal generation, modulation and de- 
modulation. Complete test circuits and 
methods. 474 pages. $15.00 



26. The Design of Digital Systems. John 
B. Peatman. Textbook for students desiring 
to develop a creative approach design capa- 
bility through digital Systems approach. 
Answers these question: Under what cir- 
cumstances it is desirable to implement a 
system digitally? What are some of the 
components available for implementing 
the system? How do we go about design- 
ing it? 448 pages. $15.50 



31. Solid-state Electronics. Hibberd. A 
Basic Course for Engineers and Techni- 
cians. An extremely practical reference 
book for anyone who wants to acquire a 
good but general understanding of semi- 
conductor principles. Features questions 
and answers, problems to solve. 1968. 
169 pp. $9.95 

32. Circuit Design for Audio, AM/FM, and 

TV. Texas Instruments. Texas Instruments 
Electronics Series. Discusses the latest ad- 
vances In design and application which 
represent the results of several years re- 
search and development by Tl communica- 
tions applications engineers. Emphasizes 
time- and cost-saving procedures. 1967. 
352 pp. $14.50 

35. An Alphabetical Guide to Motion 
Picture, Television, and Videotape Produc- 
tions. Levitan. This all-inclusive, authorita- 
tive, and profusely illustrated encyclopedia 
Is a practical source of information about 
techniques of all kinds used for making and 
processing film and TV presentations. 
Gives full technica information on mate- 
rials and equipment, processes and tech- 
niques, lighting, color balance, special 
effects, animation procedures, lenses and 
filters, high-speed photography, etc: 1970. 
480 pp. $24.50 



If more than one copy of a title Is wanted. Full 
payment must accompany your order. We cannot 
ship c.o.d. Checks or money orders should be 
made payable to Sagamore Publishing Company, 
Inc. Because of the lime required to process 
orders, ailow several weeks lor the receipt of 
books. 



40. Radio Transmitters. Gray and Graham. 
Provides, In a logical, easy-to-understand 
manner, a working knowledge of radio 
transmitters for quick solution of problems 
in operation and maintenance. 1961. 462 
pp. $16.00 

23. Wide Screen Cinema & Stereophonic 
Sound. M.Z. Wystozky. First published in 
USSR in 1965 this excellent English trans- 
lation covers wide gauge films, panoramic 
films, circular panoramic cinematography; 
technical fundamentals of stero sound re- 
cording for film, as well as details of the 
Soviet systems now in use. 284 pages. 

$15.00 

33. Noise Reduction. Beranek. Designed 
for the engineer with no special training 
in acoustics, this practical text on noise 
control treats the nature of sound and its 
measurement, fundamentals of noise con- 
trol, criteria, and case histories. Covers 
advanced topics in the field. 1960. 752 pp. 

$19.50 

16. Magnetic Recording. Charles E. Low- 
man. Reference guide to the technology 
of magnetic recorders used in audio re- 
cording, broadcast and closed-circuit TV, 
instrument recording, and computer data 
systems. Includes latest information on 
cassette and cartridge recorders; TV re- 
corders; direct and FM signal electronics 
from low to wideband; servo-control and 
signal record /playback circuitry; cap- 
stan, reel, and head-drum servos for 
longitudinal, rotary, helical-scan, and 
disc recorders. Glossary, Index, biblio- 
graphical Information. 274. pp. $14.50 

28. Environmental Acoustics. Leslie L. 
Doelle. Applied acoustics for those In envi- 
ronmental noise control who lack spe- 
cialized acoustical training. Basic Informa- 
tion in comprehensible and practical form 
for solving straightforward problems. Ex- 
plains fundamental concepts; pure theory 
minimized. Practical applications stressed, 
acoustical properties of materials and con- 
struction listed, actual installations with 
photos and drawings. Appendixes illustrate 
details of 53 wall types and 32 floor plans 
and other useful data. 246 pgs. $18.50 

13. Acoustic Design & Noise Control. 

Michael Hettinger. 1973. NEW, revised 
and enlarged edition covers physics of 
sound, room acoustics and design, noise 
and noise reduction, plus noise and its 
problems. Many charts and graphs. A 
practical and useful book. 562 
pages. $22.50 



22. Acoustics of Studios and Auditoria. 

V.S. Mankovsky. Basic theory plus a mass 
of design data covers the field with special 
reference to studios and places of public 
performance. For acoustical designers and 
specialists in sound transmission in cinema 
and broadcasting. Features exhaustive 
treatment of studio acoustics by the sta- 
tistical, geometric and wave methods in 
parallel. 416 pgs $15.00 
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CLASSIFIED 

Closing date is the fifteenth of the second month preceding the date of issue. 

Send copy to: Classified Ad Dept. 

db THE SOUND ENGINEERING MAGAZINE 

980 Old Country Road, Plainview, New York 11803 

Rates are 50^ a word for commercial advertisements. Non-commercial and 
employment offered or wanted placements are accepted at 254 per word. 



FOR SALE 



10.5" RECORDER SPECIALISTS. Wanted: 
used metal 10.5" reels and flanges for 
V*" tape in good condition; $.75 each 
with box; subtract $.15 for no box; oc- 
casionally buy salvage reels emd tape; 
write giving condition. P.O. Box 338, 
Dunwoody, Georgia 30338. 



FOR SALE: AUTOMATED PROCESSES 
model 2061 console, 2 years old; 16-in/ 
8-out; $18,500. For detailed information, 
call (901) 388-1032. 



ONE STOP STUDIO SHOPPING. Come 
in and let our experts set up your 
studio or duplicating plant. Lang Elec- 
tronics, 14 E. 39th St., New York, N.Y. 
10016. 



PRE-EQUALIZED J.B.L. & ALTEC MON- 
ITORS, dbx companders; Little Dipper 
hum/ buzz notch filters; Cooper Time 
Cube echo delay; B.B.C. & I.M.F. ref- 
erence monitors; Lamb B Dolby pro- 
cesssors; Ortofon and B. & O. ultra- 
traci< cartridges; Schoeps & A.K.G. con- 
densers; Beyer ribbons; U.R.E.I. comp/ 
llmiters; Gately Pro-Kits; Infinity elec- 
trostatics; Crown amplifiers/ recorders; 
Tascam, Community Light & Sound 
fiberglass horns; Q.R.K.; dozens more, 
plus class "A" warranty service sta- 
tion. Shipped prepaid/insured from 
Music & Sound, Ltd., 11H Old Yoric 
Rd., Willow Grove, Pa. 19090. (215) 
659-9251. 



ONE SCULLY 280 QUARTER INCH, 
TWO TRACK; two Neumann U87 con- 
denser and stereo supply, Gately PM- 
mixer; Shure M-67 mixer; two Shure 
SM-57; also stands and mil<e cables. 
Roy A. Berg, 2208 Third Ave. E., Nib- 
bing, Minn. 55746. 



CROWN CX 822, used. Bardcfy (dealer) 
503 Haverford Ave., Narberth, Pa. 
19072. (215) 667-3048. 



AMPEX 300, 352, 400, 450 USERS— for 
greater S/N ratio, replace first playbacl< 
stage 12SJ7 with our plug-in transistor 
preamp. For specifications write VI F In- 
ternational, Box 1555, Mountain View, 
Co., 94042. (408) 739-9740. 
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ONE STOP 
FOR ALL YOUR PROFESSIONAL 
AUDIO REQUIREMENTS 

BOTTOM LINE ORiENTED 

F. T. C. BREWER CO. 

P.O. Box 8057, Pensacola, Fla. 32505 



AMPEX 8-TRACK one inch AG350 solid 
state, Sel-Sync, late model 300 deck, 
LIpps Heads, cabinet; excellent; $5,800 
or best offer. (813) 595-1767. 



AMPEX VIDEO RECORDER, model VTR 
7000; factory rebuilt; ten hours use; 
$750. Radio TV Reports, 1723 W. How- 
ard, Evanston, Illinois 60202. 



REEL SPECIALISTS; 10.5 Inch reels, 
NAB $2.00 each; Precision, $5.00 each; 
other sizes available; NAB flanges, $.75 
each. Add 5 per cent postage. P.O. Box 
338, Dunwoody, Ga. 30338. 



FOR SALE AS A PACKAGE OR INDI- 
VIDUALLY, will accept best offer; one 
MCI recorder JH-16 W/auto locator, 
with or without 8-track heads and 
guides; six MCI model JH 416 input/ 
output modules; one Ampex 8-track 
head array for MM 1000 (excellent con- 
dition). Box 1 1 1, dB Magazine, 980 Old 
Country Rd., Plainview, N.Y. 1 1803. 



NEUMANN VMS-66 computer controlled 
disc mastering lathe; VG-66s solid state 
cutting system; SX-68 stereo cutterhead. 
(213) 461-2751. 



THREE AMPEX RECORDERS, 300 se- 
ries, in consoles; all units are mono and 
in good working condition; $800.00 each. 
Bill Hamilton, (215) 543-4677. 



BROADCAST AND RECORDING EQUIP- 
MENT: Scully; Metrotech; Langevine; 
Electrodyne: Q.R.K.; Micro-Trak; M.R.L.; 
Nortronics; McMartin; U.R.E.I.; used 
Neumann; E.V.; A.K.G.; Sennheiser; 
Atlas; Ferrograph; HAECO; Stevenson; 
Gately; D.B.X.; Advent; Altec; Fairchild; 
Audio Designs; 3 M; Magnacord; Telex; 
Inovonics; disc recording systems; pack- 
age deals; installations; service. Wie- 
gand Audio, Middleburg, Pennsylvania 
17842. (717) 837-1444. 



SPLICE FASTER, BETTER BY SHEAR- 
ING . . . replaces razor; specify .250- 
inch or cassette: $16.95. With attached 
splicing tape mechanism, $24.95. Detalls- 
NRP Box 289, McLean, Va. 22101. 



TASCAM MIXING CONSOLES— $1,890; 
Tascam 1/2 -inch records — $1,770; Tas- 
cam 8-track recorders — $3,970. All 
shipped prepaid/insured, including free 
alignment and calibration. Music & 
Sound, Ltd., 111^ Old York Rd., Willow 
Grove, Pennsylvania 19090. (215) 659- 
9251. 



MCI JH-416 MASTER RECORDING CON- 
SOLE; 16 channels input — 16 channels 
output; mint condition; original cost was 
$19,500; must sell— selling for $16,000 
or make offer. William Waters. (614) 
663-2544. 



NORTHWEST AREA, professional audio 
equipment and systems design. R. E. 
Munger Co., Seattle, Washington, (206) 
365-1999. An Altec Acousta-Voice con- 
tractor. 



FIFTY API MODEL 550A EQUALIZERS. 
$225. Contact Aengus Engineering, 
(617) 481-7600. 



FINEST QUALITY STEREO MASTERS at 
lowest prices; expertly cut using a 
Scully lathe with a Westrex 3-D stereo 
cutting system. Stereo: 12-inch, $33 per 
side; 7-inch, $14 per side. Mono: 12- 
inch, $22 per side; 7-inch, $9 per side. 
We also cut a fantastic demo. Request 
brochure. Trutone Records, 6411 Ber- 
genwood Ave., North Bergen, N. J. 
07047. (201) 858-9332. 



TWO-CHANNEL MONITOR EQUALIZERS 
for your Altec's and J.B.L.'s are a steal 
at $150. Music & Sound, Ltd., 11V^ Old 
York Rd., Willow Grove, Pa. 19090. 
(215) 659-9251. 



SOLID-STATE AUDIO MODULES. Con- 
sole kits, power amplifier kits, power 
supplies. Octal plug-ins — mic, eq. line, 
disc, tape play, tape record, amplifiers. 
Audio and tape bias oscillators. Over 50 
audio products, send for free catalog 
and applications. Opamp Labs. Inc., 172 
So. Alta Viita Blvd., Lot Angeles, Ca. 
90036. (213) 934-3566. 



NEW YORK'S LEADING supplier of pro- 
fessional audio/video equipment and hi-fi 
stereo components. All major brands in 
stock. Call for quote — sales— service- 
leasing — trade-ins. Martin Audio, 320 
West 46th Street, New York, N.Y. 
10036. Telephone: (212) 265-6470. 



AMERICA'S LARGEST SELECTION of 
new and used broadcast and recording 
equipment! Latest bulletins available. 
The Maze Corporation, P.O. Box 6636, 
Birmingham, Ala. 35210. 



WHATEVER YOUR EQUIPMENT NEEDS 
— new or used — check us first. Trade 
your used equipment for new. Write for 
our complete listings. Broadcast Equip- 
ment A Supply Co., Box 3141, Britfol, 
Tenn. 37620. 



PROFESSIONAL RECORDING and TEST 
EQUIPMENT for recording studios and 
broadcasters; Altec, Ampex, 3M, GR, 
HP, Tektronix — new and used; free 
equipment list or drop in. Chas. E. 
Washburn Co., 61 1 4 Santa Monica 
Blvd., Hollywood, California 90038. 




CATV— MATY PRODUCTS 

• CONNEaORS • WALLPLATES 

• SPLITTERS • AMPLIFIERS 




AVA ELEORONICS CORP. 
242 Pembroka Avanue. Lantdowne, Pa. 19050 
(215) 2S4-2500 



TUNED ROCK P.A.'s — customized tour- 
ing sound systems, including feedback 
suppression, narrow band (5 Hz!) 
acoustic voicing/equalization (± 1 dB 
at your ears), room design/measure- 
ment/treatment; hundreds of profes- 
sional products, all shipped prepaid/ 
insured from Music & Sound, Ltd., In- 
ventors/Engineers, old York Rd., 
Willow Grove, Pa., 19090. (215) 659- 
9251. 



AUDIO EQUIPMENT, new and used; cus- 
tom consoles built to your specifications 
using the components of your choice. 
Whether you're building a new studio 
or remodeling your present one, check 
us first for a package price. Amboy 
Audio Associates, 236 Walnut St., South 
Amboy, N.J. 08879. (201) 721-5121. 



AMPEX, SCULLY, TASCAM; all major 
professional audio lines. Service, expe- 
rience, integrity. 15 minutes George 
Washington Bridge. Professional Audio 
Video Corporation, 342 Main St., Pat- 
erson, N.J. 07505. (201) 523-3333. 



CROWN TAPE RECORDERS, amps; IMF 
monitor speakers; AKG professional 
microphones; UREI limiting. Little Dip- 
per; Fairchild; Crown warranty service 
station, more. Barclay, 503 Haverford 
Avenue, Narberth, Pa. 19072. (215) 
667-3048. or 1 20 Villa Crest Dr., State 
College, Pa. 16801. (814) 238-1598. 



HAECO announces complete repair ser- 
vice and overhaul for all Westrex cut- 
terheads. Conversions of 3D-II and old- 
er models to higher performance stand- 
ards and reliability. Helium cooling 
systems and hi-temp coils can protect 
yoUr investment. Repair insurance pro- 
gram available. Rapid service. Lower 
cost. HAECO, 141 10 Aetna, Van Nuys, 
California 91401. 



MULTI-TRACK 

Band 16 

TRACK RECORDING CONSOLES 
THE SOUNDEST DOLLAR SPENT 
IN PRO AUDIO TODAY 

1965CHEREMOYA AVE., 
HOLLYWOOD, CALIF. 90028 
P.O. Box 3187, Hollywood, CA. 90028 
(213) 467-7890 
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CLASSIFIED 



PEOPLE, PLACES, 
HAPPENINGS 



WANTED 



NEED THREE 340 FEET GUYED TOW- 
ERS, ground wire, mesh, strap, etc. What 
do you have, how much, when and 
where? Box 4371, Inglewood, California 
90309. 



WE ARE BUILDING an entire a.m. station 
from scratch. Need studio equipment. 
What do you have, how much, when, and 
where? Box 4371, Inglewood, California 
90309. 



EMPLOYMENT 



PROFESSIONAL RECORDING PERSON- 
NEL SPECIALISTS. A service for 'em- 
ployers and job seekers. Call todayl 
Smith's Penonnel Service, 14S7 Broad< 
way, N.Y.C. 10036. Aloyne Spertell 
212 Wi 7-3806. 



TERMINATING CONTRACT with major 
artist. Experience: audio recording, re- 
mix, videotape production, sound rein- 
forcement. (516) 924-8274. 



RAPIDLY EXPANDING leading British 
musical electronic company needs very 
experienced test troubleshooter to su- 
pervise quality control line of English 
amplifiers, electric pianos, etc. Must 
have top knowledge of tube and tran- 
sistorized circuitry. Good pay and pos- 
sibilities of visits to factories in Europe. 
Located in Mahwah, N.J. Phone John 
Lee, (201) 529-5874. 



COMPETENT, EXPERIENCED OPERAT- 
ING ENGINEER for growing tape dupli- 
cation operation near New York City. 
Intelligence and take-charge ability es- 
sential; state experience and salary re- 
quirements. Box H, Croton-on-Hudson, 
N.Y. 10520. 



NATIONAL SALES MANAGER, profes- 
sional audio equipment; rapidly expand- 
ing electronics manufacturer seeks ex- 
perienced manager to direct sales pro- 
gram for professional audio products 
division diversification; experience work- 
ing with commercial sound contractor 
desirable. Write: L. J. Lynn, Director of 
Marketing and Sales, Sunn Musical 
Equipment Company, Amburn Indus- 
trial Park, Tualatin, Oregon 97062. 




• Responsibility for TEAC's exten- 
sive advertising and sales promotions 
programs is in the hands of Ronald 
Tansky, recently appointed communi- 
cations manager. Tansky has previ- 
ously served in similar capacities for 
the James B. Lansing Sound Com- 
pany and Teledyne Packard Bell. He 
also operated his own public relations 
firm. 



• Lawrence J. Scully, formerly pres- 
ident of Scully Recording Instruments 
Company, has announced the forma- 
tion of L. J. Scully Manufacturing 
Company in Bridgeport, Conn. The 
new company will concentrate on the 
development and production of pro- 
fessional audio devices for the re- 
cording and broadcast industries. A 
number of new items are being pro- 
duced — an extended play tape repro- 
ducer designed for broacast automa- 
tion; a preview head tape reproducer 
for tape to disc transfer applications, 
which will accommodate all current 
automatic feed systems including the 
JVC Quad discrete system; and a 
new recording lathe to be introduced 
in late fall. Joining the new company 
in management and engineering ca- 
pacities are Jerry Scully, John Curtis, 
Dan Politi, and Richard Havanec. 



• The appointment of Andrew P. Mc- 
Clure as vice president, manager of 
sales, has been announced by Schafer 
Electronics Corporation, Goleta, Cali- 
fornia, suppliers of broadcast auto- 
mation systems. Mr. McCIure has 
been involved in sales activity and 
direction at Schafer for the past year. 
Before joining Schafer, he was ac- 
count manager at Xerox Corporation. 




• G. Curtis Kline has been appointed 
director of marketing, Norelco Sound 
Systems, at Philips Broadcast Equip- 
ment Corp., Montvale, New Jersey, 
a subsidiary of North American Phil- 
ips Corporation. Kline will direct the 
marketing of commercial and profes- 
sional sound systems, color broadcast 
television equipment, closed-circuit 
t.v. systems, the Norelco VCR video 
cassette recorder, and security prod- 
ucts, including Saferay x-ray detection 
systems. Before joining Philips, Kline 
was the New York City manager for 
the Edison Voicewriter Division of 
McGraw-Edison Company. 
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A New, Accurate, Digital Timing Instrument for Recording Studios, Broadcasters, 



and Other Demanding Applications 




Timekeeper is proud to introduce a new inexpensive 
Electronic StopClock— a compact instrument featuring 
an easily-read visual display. 

Only 5Ve" wide x 3Va" high x 5Vz" deep, it uses modern 
digital circuitry to provide accuracy of a very high order 
with exceptional long term stability. The large Vb" high, 
seven-segment numerals can easily be read from a dis- 
tance of more than 15 feet. Maximum count is one hour 
(59:59:9). 

Three remote-mounted push buttons are used for man- 
ual control: START, STOP, and RESET. These buttons 
may be placed in a console, operating desk or any con- 
venient location. The clock may be remotely located in 
the equipment, or on a desk or table. (A mounting flange 
is provided.) 

Operation is similar to any conventional stopwatch. The 
green button starts the clock; the red button stops it. 
The black button resets it to zero. These may be de- 
pressed in any order, or all at once, without damage to 
the clock. If it is desired to start the clock by releasing 
a button rather than depressing one, the green and black 
button are pressed simultaneously. When the black but- 
ton is released, the clock will start automatically. 

The accessory plug on the rear panel may be used for 
all remote operations. All BCD information is available 
at this plug for accessory units such as digital printers, 
slave units, etc. 

The Model T-1 is supplied for 120 volt 60 Hz operation, 
in an attractive simulated walnut grained enclosure with 
a red lucite face. However, 120-volt 50 Hz operation is 
available at no extra charge if so specified at the time 
you place your order. 

The Model T-1 is priced at $185.00. As with all Time- 
keeper products, it is fully guaranteed to meet with your 
complete satisfaction, or your money will be promptly 
refunded. It is guaranteed for one year against any 
defects in manufacturing. 

The Timekeeper Electronic StopCiock is a must. More 
than a high quality timer— it provides the added con- 
venience of full visual display, high accuracy and sta- 
bility plus operational flexibility. Order one soon. You 
will be delighted with it. 



TIMEKEEPER 

P.O. Box 835, Great Neck, N.Y. 1 1021 



Name_ 



Address. 



Please send me Model T-1 Timekeeper Electronic StopClock(s) City. 



at $185.00. N.Y.S. residents add 7% sales tax. Add $1.00 shipping per 
order. I enclose $ 



State- 



-Zip. 



I J 
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If you want to lay down 
a 113 dB signal* 
flat from 28 to 18,000 Hz, 
radiating through an angle of 120° 

the SENTRY " III is it. 




1 



*4' on axis with just 50 watts, with 
optional SEQ Active Equalizer. Response 
without equalizer, 40-18,000 Hz. 



On the other hand, 
if you need 4 dB more level 
on axis, and are willing to 
give up just 22 Hz of bass, consider 

the SENTRY 1V A. 



Both monitor systems share the same mid-range 
and high frequency speaker components. Both 
have tweeter protector circuits built in to save the 
systems from inadvertent damage. The Sentry IVA 
uses a dual-speaker, horn-loaded bass end for 
efficiency. The Sentry III uses a single speaker in 

aGultcxi 

COMPANY 

ELECTRO-VOICE, INC., Dept. 1131 BD, ( 



a vented enclosure for extended range. 

Sentry III. Sentry IVA. The two best ways to 
recreate the actual sound pressure sensations and 
response range of live music ... in the studio or 
in demanding sound reinforcement installations. 
From the innovators at E-V. 




Cecil Street, Buchanan, Michigan 49107 
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